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11. TSBF-CIAT RESEARCH FOR DEVELOPMENT STRATEGY
A. Research for development strategy of TSBF-CIAT 
The 2005-2010 TSBF-CIAT strategy is aligned with the Millennium Development goal:  “to help create 
an expanded vision of development that vigorously promotes human development as the key to sustaining 
social and economic progress in all countries, and recognizes the importance of creating a global 
partnership for development.”  The strategy encompasses the CGIAR’s agriculture and environment 
mission: “to contribute to food security and poverty alleviation in developing countries through research, 
partnerships, capacity building and policy support, promoting sustainable agricultural development based 
on environmental sound management of natural resources.”  The strategy is also aligned with the CIAT’s 
three research for development challenges: 1) improving management of agroecosystems in the tropics; 2) 
rural innovation research; and 3) enhancing and sharing the benefits of agrobiodiversity.  
TSBF-CIAT’s Program has three main goals. These are: (1) to strengthen national and international 
capacity to manage tropical ecosystems sustainably for human well-being, with a particular focus on soil, 
biodiversity and primary production; (2) to reduce hunger and poverty in the tropical areas of Africa and 
Latin America through scientific research leading to new technology and knowledge; and (3) to ensure 
environmental sustainability through research on the biology and fertility of tropical soils, targeted 
interventions, building scientific capability and contributions to policy. 
TSBF-CIAT utilizes a range of approaches to achieve program goals in collaboration with its partners, 
with particular emphasis on the following: 
Catalysis: Ensuring that partners are kept at the forefront of conceptual and methodological advances by 
conducting and promoting review, synthesis and dissemination of knowledge. This is done through 
workshops, training courses and sabbatical and short exchange visits. 
Collaboration: Developing appropriate alliances with institutions across the research, educational and 
developmental spectrum, including linkages between institutions in the North and South. 
Facilitation: Coordinating actions among partners to achieve progress and success in research. This is 
done by providing backstopping support in the preparation, submission, implementation and publication 
of research projects.  
Conviction: Demonstrating tangible results by taking policy makers to the fields. 
Internal and external reviews of the program: The Institute’s activities and outputs undergo periodic 
critical reviews to ensure high standards and the achievement of the Institute’s mission. 
Since its founding in 1984, TSBF has conducted research on the role of biological and organic resources 
in tropical soil biology and fertility, in order to provide farmers with improved soil management practices 
to sustainably increase agricultural productivity.  In recent years, TSBF-CIAT’s research for development 
approach has been based on an Integrated Soil Fertility Management (ISFM) paradigm.  ISFM is a 
holistic approach to soil fertility research that embraces the full range of driving factors and consequences 
of soil degradation — biological, physical, chemical, social, economic and political.   
However, successful resource management and sustainable agricultural productivity need to go still further, 
into the realms of markets, health and policies (Figure 1).  The central hypothesis is that natural resource 
management research will have more leverage if the apparent gaps between investment in the natural 
resource base and income generation can be bridged. Therefore, TSBF-CIAT’s strategy proposes to take 
ISFM an additional step forward, by addressing the full chain of interactions from resources to production 
systems to markets and polices. Under the new framework, investment in soil fertility management 
represents a key entry point to agricultural productivity growth, and a necessary condition for obtaining 
positive net returns to other types of farm investments. 
2Figure 1. Conceptual framework of the TSBF-CIAT strategy.  Topics in bold indicate the driving forces 
to be addressed by the proposed strategy; topics in shaded lighter gray are driving forces beyond the 
control of the Program. 
TSBF-CIAT will pursue the following three major objectives under its strategy: 
? to improve the livelihoods of people reliant on agriculture by developing profitable, socially-
acceptable and resilient agricultural production systems based on ISFM; 
? to develop sustainable land management (SLM) practices in tropical areas while reversing land 
degradation; and 
? to build the human and social capital of all TSBF-CIAT stakeholders for research and 
management on the sustainable use of tropical soils. 
To achieve these objectives, TSBF-CIAT’s work is organized into five major outputs: 
1. Biophysical and socioeconomic processes understood, principles, concepts and methods 
developed for protecting and improving the health and fertility of soils; 
2. Economically viable and environmentally sound soil, water, and nutrient management practices 
developed and tested by applying and integrating knowledge of biophysical, socio-cultural and 
economic processes; 
3. Partnerships and tools developed and capacity enhanced of all stakeholders for improving the 
ealth and fertility of soils; 
4. Improved rural livelihoods through sustainable, profitable, diverse and intensive agricultural 
production systems; 
5. Options for sustainable land management (SLM) for social profitability developed, with special 
emphasis on reversing land degradation. 
Each of these outputs has specific output targets for each year to contribute towards output level outcomes 




























31. Improving fertilizer efficiency and developing soil and water management practices; 
2. Improved germplasm as an entry point for managing soil fertility; 
3. Managing the genetic resources of soil for enhanced productivity and plant health; 
4. Understanding farm level social dynamics; 
5. Linking farmers to markets, nutrition, and health; 
6. NRM strategies to move from plot to landscape scales; and 
7. Strengthening scientific and institutional capacity of partners for integrated soil fertility 
management. 
TSBF-CIAT’s strategy has a major focus on developing and extending technologies that support 
sustainable intensification of cropping systems, especially in the dry and moist savanna, hillside, and 
forest and forest margin agro-ecological zones (AEZs) in Africa and Latin America. In these AEZs, 
poverty, population growth and a rising demand for food is driving expansion of cropped area into 
increasingly marginal lands and/or remnant forest zones.  Under these circumstances, sustainable 
intensification of agriculture on already cultivated land represents the most promising solution to 
achieving food security and protecting against natural resource degradation, the ultimate goals of TSBF-
CIAT’s work.   
As a relatively small research institute, it is important that TSBF-CIAT position itself appropriately on the 
research-development continuum. TSBF-CIAT’s primary role and comparative advantage is in conducting 
international public goods research on ISFM in farming systems where soil degradation undermines local 
livelihoods and market opportunities.  However, while TSBF-CIAT will focus primarily on strategic 
research, it is also ready to support technology dissemination and development activities with partners via 
regional networks and global projects. TSBF-CIAT will continue research on below-ground biodiversity 
as a means of beneficially managing soil biology, through the GEF-UNEP funded global project on 
below-ground biodiversity (BGBD) which has successfully completed its Phase I and is about to start its 
Phase II activities.   
Much of the applied research and dissemination of findings, as well as NARSs capacity building, will be 
done via the Institute’s two partner networks — the African Network for Soil Biology and Fertility 
(AfNet), and the Latin American Consortium on Integrated Soil Management (known by its Spanish 
acronym, MIS).  TSBF-CIAT also collaborates with the South Asian Regional Network (SARNet) on 
soil fertility research in that region.   
To carry out the work envisioned under the new strategy, the following staff positions will be called for: 
Agrobiophysical scientists:  These include specialists in integrated soil fertility management, soil biota 
management, soil and water conservation, ecosystem services, microbiology, and plant nutrition and 
physiology.   
Social scientists (including agricultural economics):  This staff category will be strengthened to permit 
greater emphasis on the socio-economic aspects of the new research paradigm. 
Coordination:  This includes the Institute Director, coordinators of the AfNet and MIS networks, and the 
coordinator of the GEF-UNEP Below Ground Biodiversity Project. 
Funding: The estimated funding required for TSBF-CIAT’s work is approximately US$5 million per 
year, for a total budget of about $25 million over the next 5 years. 
4B. Organization of the report 
This annual report for 2006 is organized with the following sections. It starts with a brief summary of the 
strategy of the TSBF-CIAT followed by a brief description of the project and its logfrme that includes the 
5 outputs, output targets for each output, outcomes and impacts at each output level as described in the 
CIAT Medium-Term Plan 2007-2009. This is followed with a section on research highlights organized 
according to the 5 outputs. The full report is organized by 5 major outputs of the project. Each output 
report contains its rationale, key research questions, highlights of research  and specific output targets for 
the years 2007, 2008 and 2009. For each output target, the published work is reported as abstracts from 
refereed journal articles that were published in the year 2006. This is followed by the completed and on-
going research activities that are related to each output target. Progress towards output level outcomes and 
output level impacts are summarized at the end of the report for each output. Information on list of staff, 
list of students, list of partners and list of publications is included in the Annexes section.  
C. Project outputs and their link to strategy
The project has 5 major outputs. Output 1 (Biophysical and socioeconomic processes understood, 
priciples and concepts developed for protecting and improving the health and fertility of soils) involves 
research to develop principles and concepts that transcend the classical boundaries of the biophysical 
sciences and require integration with economics, sociology and anthropology. Integration of local and 
scientific knowledge to develop integrated “hybrid”knowledge and therefore could increase relevance to 
an overall strategy for sustainable soil management for improved food security and environmental 
protection.
Process and integrated knowledge generated from the research activities in output 1 needs to be translated 
into sustainable soil fertility and land management practices, adapted to the socio-cultural and economic 
environment in which these practices will be implemented. Research activities from Output 2 
(Economically viable and environmentally sound soil, water, and nutrient management practices 
developed and tested by applying and integrating knowledge of biophysical and socioeconomic 
processes) are expected to enhance farmers’ capacity to translate best principles for soil, water and land 
management into practices that are appropriate to their environment and decision aids, condensing that 
knowledge for dissemination beyond the sites where this knowledge has been generated. 
Managing soil fertility for improved livelihoods requires an approach that integrates technical, social, 
economic and policy issues at multiple scales. To overcome this complexity, research and extension staff 
need the capacity to generate and share information that will be relevant to other stakeholders working at 
different scales (i.e., policy makers, farmers). Thus the research activities in output 3 (Partnerships and 
tools developed and capacity enhanced of all stakeholders for improving the health and fertility of soils) 
are founded on building the human and social capital of all TSBF-CIAT stakeholders, research and 
management on the sustainable use of tropical soils. 
Research activities of output 4 (Improved rural livelihoods through sustainable, profitable, diverse and 
intensive agricultural production systems) address the challenge of intensification and diversification of 
smallholder agricultural production that is needed to meet the food and income needs of the poor and 
cannot occur without investment in natural resource management, especially soil fertility. Investment in 
improving soil fertility is not constrained by a lack of technical solutions per se but is more linked to lack 
of access to information for improved decision making and analyzing trade-offs, inputs and profitable 
markets. 
5Soils play a central role for the provision of ecosystem services such as regulation of water quality and 
quantity, carbon storage and control of net fluxes of greenhouse gases to the atmosphere. Appropriate soil 
management could result in enhanced provision of environmental services. The major objective of 
research activities of output 5 (Options for sustainable land management (SLM) practices for social 
profitability developed, with special emphasis on reversing land degradation) is to restore degraded 
agroecologies to economic and ecological productivity by generating technology, institutional and policy 
innovations that restore degraded agricultural lands, enhance ecosystem health and improve livelihoods. 
62. PROJECT DESCRIPTION AND LOGFRAME 
CIAT PROJECT PE-2: INTEGRATED SOIL FERTILITY MANAGEMENT IN THE TROPICS
PROJECT DESCRIPTION
Goal: To strengthen national and international capacity to manage tropical ecosystems sustainably for 
human well-being, with a particular focus on soil, biodiversity and primary production; to reduce hunger
and poverty in the tropical areas of Africa and Latin America through scientific research leading to new 
technology and knowledge; and to ensure environmental sustainability through research on the biology 
and fertility of tropical soils, targeted interventions, building scientific capability and contributions to 
policy.  
Objective:  To support the livelihoods of people reliant on agriculture by developing profitable, socially-
just and resilient agricultural production systems based on Integrated Soil Fertility Management 
(ISFM); to develop Sustainable Land Management (SLM) in tropical areas of Africa and Latin 
America through reversing land degradation; and to build the human and social capital of all TSBF-
CIAT stakeholders for research and management on the sustainable use of tropical soils. 
Rationale and Changes
Rationale:
Soil fertility degradation has been described as one of the major constraints to food security and income 
generation in developing countries. Despite proposals for a diversity of solutions and the investment of 
time and resources by a wide range of institutions it continues to prove a substantially pervasive problem. 
The rural poor are often trapped in a vicious poverty cycle between land degradation, fuelled by the lack 
of relevant knowledge or appropriate technologies to generate adequate income and opportunities to 
overcome land degradation. Intensification and diversification of agricultural production on smallholdings 
is required to meet the food and income needs of the poor, and this cannot occur without investment in 
soil fertility.  Investing in soil fertility management is necessary to help households mitigate many of the 
characteristics of poverty, for example by improving the quantity and quality of food, income, and 
resilience of soil productive capacity to environmental change.  
The integrated soil fertility management (ISFM) is a holistic approach to soil fertility research that 
embraces the full range of driving factors and consequences of soil degradation — biological, physical, 
chemical, social, economic and political. There is a strong emphasis in ISFM research on understanding 
and seeking to manage the processes that contribute to changes in soil fertility. The emergence of this 
paradigm, very closely related to the wider concepts of integrated natural resource management (INRM), 
represents a significant step beyond the earlier, narrower, nutrient replenishment approach to soil fertility 
enhancement.  
Research on natural resource management has been criticized for not addressing the real needs of rural 
people and hence has often been judged irrelevant.  In the march to generate solutions to farmers’ 
problems, research has generated a wide variety of technologies, such as fertilizers, improved legume 
germplasm and crop rotations.  ISFM arose because of the recognition that addressing the interactions
between components (e.g., water, pests and soils) is as important as dealing with the components 
themselves. However, improving the natural resource base without addressing issues of marketing and 
income generation (e.g. the resource-to-consumption logic) seems sterile and is often the reason for a lack 
of adoption of improved farming practices.
7To address the soil fertility related issues and to contribute to sustainable land management in the tropics, 
the research for development portfolio of CIAT includes the Mega Project entitled ”Integrated soil 
fertility management in the tropics” which is housed in the Research for Development Challenge 
“Improving Management of Agroecosystems in the Tropics”. The goal of the project is to strengthen 
national and international capacity to manage tropical ecosystems sustainably for human well-being, 
with a particular focus on soil, biodiversity and primary production; to reduce hunger and poverty in the 
tropical areas of Africa and Latin America through scientific research leading to new technology and 
knowledge; and to ensure environmental sustainability through research on the biology and fertility of 
tropical soils, targeted interventions, building scientific capability and contributions to policy. The main 
objectives are: (1) to support the livelihoods of people reliant on agriculture by developing profitable, 
socially-just and resilient agricultural production systems based on Integrated Soil Fertility Management 
(ISFM); (2) to develop Sustainable Land Management (SLM) in tropical areas of Africa and Latin 
America through reversing land degradation; and (3) to build the human and social capital of all TSBF-
CIAT stakeholders for research and management on the sustainable use of tropical soils. 
To achieve these objectives, the work is organized into five major outputs: 
1. Biophysical and socioeconomic processes understood, principles, concepts and methods developed 
for protecting and improving the health and fertility of soils; 
2. Economically viable and environmentally sound soil, water, and nutrient management practices 
developed and tested by applying and integrating knowledge of biophysical, socio-cultural and 
economic processes; 
3. Partnerships and tools developed and capacity enhanced of all stakeholders for improving the health 
and fertility of soils; 
4. Improved rural livelihoods through sustainable, profitable, diverse and intensive agricultural 
production systems; 
5. Options for sustainable land management (SLM) for social profitability developed, with special 
emphasis on reversing land degradation. 
Each of these outputs has specific output targets for each year to contribute towards output level outcomes 
and output level impacts. The outcomes and impacts are conceptualized using seven strategic pillars: 
1. Improving fertilizer efficiency and developing soil and water management practices; 
2. Improved germplasm as an entry point for managing soil fertility; 
3. Managing the genetic resources of soil for enhanced productivity and plant health; 
4. Understanding farm level social dynamics; 
5. Linking farmers to markets, nutrition, and health; 
6. NRM strategies to move from plot to landscape scales; and 
7. Strengthening scientific and institutional capacity of partners for integrated soil fertility management. 
The project has a major focus on developing and extending technologies that support sustainable 
intensification of cropping systems, especially in the dry and moist savanna, hillside, and forest and 
forest margin agro-ecological zones (AEZs) in Africa and Latin America. In these AEZs, poverty, 
population growth and a rising demand for food is driving expansion of cropped area into increasingly 
marginal lands and/or remnant forest zones.  Under these circumstances, sustainable intensification of 
agriculture on already cultivated land represents the most promising solution to achieving food security 
and protecting against natural resource degradation.
Changes:
In the absence of identification of core support to CIAT by donors research on soils in Latin America has 
been largely phased out.  This included the elimination of 3 senior staff positions (Soil Physics, Soil 
Ecology and Biodiversity, Systems Agronomy) and 13 support staff positions in the TSBF-Latin America 
team during 2006, and the departure of two senior staff positions (Ecosystem Services and 
8GIS/Agronomy). Because of this drastic reduction in core support, the output targets for 2007 and 2008 
for the work in Latin America have been revised and scaled down.
CGIAR System Priorities:
CIAT’s PE-2 Project (TSBF Institute) on Integrated Soil Fertility Management in the Tropics is housed 
mainly under CGIAR System Priority Area 4: Promoting poverty alleviation and sustainable 
management of water, land, and forest resources. Majority of the efforts are dedicated to System Priority 
Area 4A: Promoting integrated land, water and forest management at landscape level. The project 
contributes to Specific goals 1 (To develop analytical methods and tools for the management of multiple 
use landscapes with a focus on sustainable productivity enhancement), 2 (To enhance the management of 
landscapes through changing stakeholder awareness and capacity for social-ecological planning at 
landscape and farm levels) and 5 (Creating multiple benefits and improved governance of environmental 
resources through the harmonization of inter-sectoral policies and institutions). Considerable efforts are 
also dedicated to System Priority Area 4D: Promoting sustainable agro-ecological intensification in low- 
and high-potential areas. The project contributes to Specific goals 1 (To improve understanding of 
degradation thresholds and irreversibility, and the conditions necessary for success in low productivity 
areas), 3 (To identify domains of potential adoption and improvement of technologies for improving soil 
productivity, preventing degradation and for rehabilitating degraded lands), 5 (To improve soil quality to 
sustain increases in productivity, stability, and environmental services through greater understanding of 
processes that govern soil quality and trends in soil quality in intensive systems), and 7 (To optimize 
productivity at high input use (e.g. labor, nutrients, pest control practices, water, seed, and feed) through 
understanding and managing spatial and temporal variation). 
Impact pathways:
The 5 major outputs outlined above in the rationale section articulate the logical relationship of activities 
within the project logframe.  Output 1 (Biophysical and socioeconomic processes understood, principles 
and concepts developed for protecting and improving the health and fertility of soils) encompasses our 
research developing principles and concepts that transcend the classical boundaries of the biophysical 
sciences through integration with economics, sociology and anthropology.  Local and scientific 
knowledge interact to develop integrated “hybrid” knowledge for soil fertility management, improved 
food security, and environmental protection. The intended users of the ISFM principles and concepts are 
CGIAR, ARIs, researchers from NARS and local universities, NGOs, farmers, and regional consortia. 
These intended users are applying the principles, concepts and methods to improve technologies and 
system understanding. The final impacts of this output are resilient production systems and sustainable 
agriculture based on improved soil health and fertility.  
The process and integrated knowledge generated under Output 1 activities is therefore applied as 
sustainable soil fertility and land management practices, shaped by and responding to the socio-cultural 
and economic environment. Research activities from Output 2 (Economically viable and environmentally 
sound soil, water, and nutrient management practices developed and tested by applying and integrating 
knowledge of biophysical and socioeconomic processes) address the social, economic, and gendered 
dynamics of local knowledge generation and exchange, the nature of the interface between research-
extension, local community institutions/social networks, and evaluate the economic and environmental 
impacts of current or proposed practices.  These activities provide general principles and methodologies 
for TSBF-CIAT and partners to enhance farmers’ capacity for applying best principles for sustainable 
soil, water and land management practices. 
At the center of the research-outcome-impact chain, Output 3 (Partnerships and tools developed and 
capacity enhanced of all stakeholders for improving the health and fertility of soils) addresses the 
building of human and social capital of all TSBF-CIAT stakeholders for effective research and 
sustainable management of tropical soils.  This is particularly necessary since the managing soil fertility 
9for improved livelihoods requires an approach that integrates technical, social, economic and policy 
issues at multiple scales. To overcome this complexity, research and extension staff need the capacity to 
generate and share information that will be relevant to other stakeholders working at different scales (i.e., 
policy makers, farmers).  
Output 4 (Improved rural livelihoods through sustainable, profitable, diverse and intensive agricultural 
production systems) represents the application of human and social capital and sound, socio-culturally and 
economically relevant biophysical principles for ISFM. The challenge of intensification and 
diversification of smallholder agricultural production is that meeting the food and income needs of the 
poor cannot occur without investment in natural resource management, especially soil fertility.  
Investment in improving soil fertility is not constrained by a lack of technical solutions per se but is more 
linked to lack of access to information for improved decision making and analyzing trade-offs, inputs and 
profitable markets. 
The highest scale for our research-for-development activities is found within Output 5 (Options for 
sustainable land management (SLM) practices for social profitability developed, with special emphasis 
on reversing land degradation).  These activities are dedicated to applying the findings of all the previous 
outputs for restoring degraded agricultural lands to economic and ecological productivity, enhancing 
ecosystem health and improving livelihoods by generating technology, institutional, and policy 
innovations.  Since soils play a central role for the provision of ecosystem services (e.g. regulation of 
water quality and quantity, carbon storage and control of net fluxes of greenhouse gases to the 
atmosphere), appropriate soil management at the landscape level should result in enhanced provision of 
environmental services.  
The key assumptions for these 5 outputs are: security and political stability does not restrict access to 
target sites and continuation of on-going activities; poverty reduction strategies remain central to human 
development support and funding; TSBF-CIAT stakeholders remain engaged with TSBF-CIAT strategic 
priorities and/or TSBF-CIAT management continues to adapt and innovate in response to changing 
priorities; funding for research on globally-important issues continues; and linkages maintained among 
research and development organizations. The expected beneficiaries, target ecosystems and end users are 
principally small-scale crop-livestock farmers and extension workers, NGOs and NARES in tropical 
agroecosystems of Sub-Saharan Africa, Latin America and South-east Asia. The target ecoregions are 
East and Central African highlands (Kenya, Uganda, Ethiopia, Tanzania, Rwanda, DR Congo); Southern 
African savannas (Zimbabwe, Malawi, Mozambique, Zambia); West African region (Burkina Faso, 
Niger, Cote d’Ivoire, Nigeria, Benin, Togo, Mali, Senegal, Ghana); Central American hillsides 
(Honduras, Nicaragua); Andean hillsides (Colombia, Ecuador, Peru, Bolivia); Tropical savannas of south 
America (Colombia, Venezuela); and Amazon rainforest (Brazil, Colombia, Peru). 
International Public Goods (IPG):
The IPG of the PE-2 project include: 
? Improved knowledge on soil processes; 
? Global inventory of below-ground biodiversity; 
? Improved knowledge on nutrient and other resource flows; 
? Improved knowledge on how different stakeholders use and manage landscapes; 
? Tools and indicators to assess soil quality; 
? Improved approaches and practices for managing soil, water and land resources; 
? Innovative diversification options within farms; 
? Decision support tools and models to analyze trade-offs among food productivity, ecosystem 
services and land conservation; 
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? Methods and tools for promoting effective collective action for improved soil fertility management 
and improved livelihoods; 
? Novel forms of institutional innovations and policy options to reduce land degradation and to 
restore degraded lands. 
The Institute’s comparative advantage is in conducting IPG research on ISFM in farming systems where soil 
degradation undermines local livelihoods and market opportunities.  However, while TSBF-CIAT will focus 
primarily on strategic research, it is also ready to support technology dissemination and development activities 
with partners via regional networks and global projects. TSBF-CIAT will continue research on below-ground 
biodiversity as a means of beneficially managing soil biology, through the GEF-UNEP funded global project on 
below-ground biodiversity (BGBD) which has successfully completed its Phase I and is about to start its Phase 
II activities. Much of the applied research and dissemination of findings, as well as NARSs capacity building, 
will be done via the Institute’s regional partner networks/consortia — the African Network for Soil Biology and 
Fertility (AfNet), the Latin American Consortium on Integrated Soil Management (known by its Spanish 
acronym, MIS), and the Consortium for Sustainable Development of the Andean Region (CONDESAN).  
TSBF-CIAT also collaborates with the South Asian Regional Network (SARNet) on soil fertility research in 
that region. 
Partners:
NARES: These are important local partners that contribute staff time and operational resources to all 5 
outputs of the project. The staff time of NARES partners is indicated for each country. East and Central 
African highlands (Kenya-10, Uganda-4, Ethiopia-1, Tanzania-1, Rwanda-5, DR Congo-5); Southern 
African savannas (Zimbabwe-3, Malawi-1 Mozambique-1, Zambia-1); West African region (Burkina 
Faso-1, Niger-3, Cote d’Ivoire-2, Nigeria-2, Benin-1, Togo-1, Mali-1, Senegal-1, Ghana-2; Central 
American hillsides (Honduras-4, Nicaragua-3); Andean hillsides (Colombia-2, Ecuador-1, Peru-1; 
Bolivia-1); Tropical savannas of south America (Colombia-3, Venezuela-1); Amazon rainforest (Brazil-
3, Colombia-1, Peru-1).
ARIs: These are important international partners that contribute to mostly to strategic research in output 
1 on biophysical and socioeconomic processes and output 2 on natural resource management strategies. 
These include CIMMYT-1, ILRI-1, CIP-1, IFDC-1 ICRAF-2, IITA-2, ICRISAT-2, IRD (France-1), 
CIRAD (France-2), ETHZ (Switzerland-1), and JIRCAS (Japan-2).
Universities: These are local and international partners that participate mostly in co-supervision of  
students that work on ISFM related aspects. Nacional (Colombia-6), UNA (Nicaragua-5), UNA and EAP 
Zamorano (Honduras-6), Uberlandia (Brasil-1), University of Nairobi (Kenya-2), Maseno University 
(Kenya-1), Makerere University (Uganda-2), Kenyatta University (Kenya-2), Zimbabwe (Zimbabwe-2), 
Sokoine (Tanzania-1), Universidade Federal de Lavras (Brazil-1), Universidade Regionale de Lavras-
FURB (Brasil-1), INPA (Brasil-1), UFAM (Brasil-1), Universidade De Brasilia (Brasil-1), Jawaharlal 
Nehru University (India-1), University of Agricultural Sciences (India-1), Kumaon University (India-1), 
Sambalpur University (India-1), Universitas Lampung (Indonesia-1), Brawijaya University (Indonesia-
1), Gadjah Mada University (Indonesia-1), Bogor Agricultural University (Indonesia-1), Université de 
Cocody (Cote d’Ivoire-1), Universite D’Adobo-Adame (Cote d’Ivoire-1), Universidade Veracruziana 
(Mexico-1), Instituto Polytecnico (Mexico-1, Leuven (Belgium-2), Paris (France-1), Bayreuth and 
Hohenheim (Germany-3), SLU (Sweden-3), NAU (Norway-1), Cornell (USA-2), Wisconsin-Madison 
(USA-1), U.C. Davis (USA-1), Ohio State (USA-1),  Colorado State University (USA-1), East Anglia 
(UK-1), Queen Mary University (USA-1), Michigan State University (USA-1), ITC (The Netherlands-1) 
University of Exeter (UK-1), and Wageningen University and Research Centre (Netherlands-3).KU-
Leuven University (4). 
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Regional Consortia: These partners play a key role in building capacity in the regions for ISFM research 
and also for dissemination of tools and technologies to promote ISFM. These include AFNET for Sub-
Saharan Africa, African Highlands Initiative for African highlands, MIS for Central America, and 
CONDESAN for the Andean region of South America. 
NGOs: These partners play a key role in dissemination of tools and technologies for ISFM in the regions. 
These include CARE-Kenya, World Vision, CIPASLA and CIPAV. 
In addition to the above partners, PE-2 project also participates with Systemwide Programs (AHI, PRGA) 














(millions) 6.405 4.790 6.012 5.710 5.538 
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CIAT PROJECT PE-2: INTEGRATED SOIL FERTILITY MANAGEMENT IN THE TROPICS (2007-2009) 
Targets Outputs Intended User Outcome Impact 
OUTPUT 1 
Biophysical and socioeconomic 
processes understood, principles, 
concepts and methods developed 
for protecting and improving the 
health and fertility of soils
CGIAR, ARI, researchers 
from NARS and local 
universities, NGOs, farmers, 
and regional consortia 
Principles, concepts and 
methods inform technology 
and system development
Improved soil health 
and fertility contribute 
to resilient production 
systems and sustainable 
agriculture
At least three indicators of soil 
quality at plot and farm scales in 
acid soil savannas identified
CGIAR, ARI, researchers 
from NARS and local 
universities, NGOs, farmers, 
and regional consortia
Partners begin validating 
indicators of soil health and 
fertility 
Land use intensity impact on 
BGBD evaluated in seven tropical 
countries participating in the 
BGBD project 
Scientists participating in the 
BGBD project, ARIs, 
CGIAR, researchers from 
NARS and local universities, 
and farmers 
Links between BGBD and 
land use management 
established and used as basis 
for developing sustainability 
in tropical farming systems 
Output
Targets 2007 
At least two indicators of soil 
quality used for farmer’s decision 
making in hillsides agroecosystem 
CGIAR, ARI, researchers 
from NARS and local 
universities, NGOs, farmers, 
and regional consortia 
Partners incorporate farmer 
decision making in new 
proposals and on–going 
activities
Practical methods for rapid 
assessment and monitoring of soil 
resource base status developed 
CGIAR, ARI, researchers 
from NARS and local 
universities, NGOs, farmers, 
and regional consortia
Partners are using the 
methods with farmers 
Output
Targets 2008 The social, gender, and livelihood 
constraints and priorities affecting 
the sustainable use of soils have 
been identified, characterized, and 
documented through case studies 
using innovative methods 
CGIAR, ARI, researchers 
from NARS and local 
universities, NGOs, farmers, 
and regional consortia 
Partners are working to 
overcome the identified 
constraints with new 
proposals and on-going 
research
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Targets Outputs Intended User Outcome Impact 
Decision tools for soil biota and 
nutrient management developed 
and disseminated to stakeholders
CGIAR, ARI, researchers 
from NARS and local 
universities, NGOs, farmers, 
and regional consortia 
Partners involved in research 
for development are using the 
decision tools 
Knowledge on relationships 
between soil fertility status and the 
nutritional quality of bio-fortified 
crops is used by development 
partners to target production of 
these crops 
CGIAR, ARI, researchers 
from NARS and local 
universities, NGOs, farmers, 
and regional consortia 
Stakeholders in research for 
development focus on food 




Sufficient knowledge on 
mechanisms driving tolerance to 
drought and low soil P is available 
to guide breeding efforts 
CGIAR, ARI, researchers 
from NARS and local 
universities, NGOs, farmers, 
and regional consortia 
Breeders involve soil 
scientists in the breeding 
program 
OUTPUT 2 
Economically viable and 
environmentally sound soil, water, 
and nutrient management practices 
developed and tested by applying 
and integrating knowledge of 
biophysical, socio-cultural and 
economic processes
CGIAR, ARI, researchers 
from NARS and local 
universities, NGOs, farmers, 
and regional consortia
Technologies, systems and 
soil management strategies 
adopted and adapted through 
partnerships
Adapted technologies 
contribute to food 
security, income 
generation and health 
of farmers 
Banana, bean and cassava-based 
systems, with the relation between 
pest, diseases and ISFM as entry 
point, including novel cropping 
sequences, tested and adapted to 
farmer circumstances in Africa
CGIAR, ARI, researchers 
from NARS and local 
universities, NGOs, farmers, 
and regional consortia 
Banana, bean and cassava-
based systems and soil 
management strategies 




Benefits of agropastoral systems 
on crop productivity and soil 
quality quantified  in acid soil 
savannas
CGIAR, ARI, researchers 
from NARS and local 
universities
Agropastoral systems and soil 
management strategies 
adopted and adapted through 
partnerships
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Targets Outputs Intended User Outcome Impact 
Communities in at least three 
countries demonstrate and test 
direct or indirect management 
options that enhance locally 
important ecosystem services using 
BGBD
BGBD network, CGIAR, 
ARI, researchers from NARS 
and local universities, NGOs, 
farmers, regional consortia, 
policy makers and global 
conservation organizations
Researchers, farmers, land 
users and policy makers and 
global conservation 
organizations increase their 
awareness of the benefits of 




Quesungual and other related 
agroforestry systems, with soil and 
water conservation as entry point, 
including crop diversification 
strategies, tested and adapted to 
farmer circumstances in Central 
America 
CGIAR, ARI, researchers 
from NARS and local 
universities, NGOs, farmers, 
and regional consortia 
Quesungual system and soil 
management strategies 
adopted and adapted through 
partnerships
Local baselines and interviews 
show that farmers’ understanding 
of soil processes is demonstrably 
enhanced within community-based 
experimentation in at least 5 
benchmark sites
CGIAR, ARI, researchers 
from NARS and local 
universities, NGOs, farmers, 
and regional consortia 
Scientists blend local and new 
scientific knowledge in the 
experimental design 
The potential for occurrence of 
positive interactions between 
organic and mineral inputs is 
evaluated for the most common 
cropping systems in each mandate 
area.
CGIAR, ARI, researchers 
from NARS and local 
universities, NGOs, farmers, 
and regional consortia 
Stakeholders appreciate the 
complementary role of both 
inorganic and organic inputs 
and use them judiciously 
Output
Targets 2009 
Throughout the Institute project 
life, new questions generated in the 
evaluation efforts of the different 
target outputs are addressed and 
fed back to these evaluation 
activities
CGIAR, ARI, researchers 
from NARS and local 
universities, NGOs, farmers, 
and regional consortia 
PM&E is institutionalized 
and used by all project 
partners
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Targets Outputs Intended User Outcome Impact 
OUTPUT 3 
Partnerships and tools developed 
and capacity enhanced of all 
stakeholders for improving the 
health and fertility of soils
CGIAR, ARI, researchers 
from NARS and local 
universities, NGOs, farmers, 
regional consortia, young 
professionals, policy makers
Strengthened and expanded 
partnerships for ISFM 
facilitate south-south 
exchange of knowledge and 
technologies
Improved institutional 
capacity in aspects 
related to ISFM and 





Strategy for building capacity for 
SLM is developed with partners 
CGIAR, ARI, researchers 
from NARS and local 
universities, NGOs, farmers, 
regional consortia, young 
professionals, policy makers
TSBF-CIAT scientists and 
partners lead globally-funded 
research on at least three 
topics of key relevance to the 
international community (as 
identified in GEF, MDG, 
MEA, CGIAR mission and 
goal statements) 
At least three capacity building 
courses on ISFM held by AfNet 
and MIS 
AfNet, MIS Partners incorporating new 
knowledge and skills in new 




Books, web content and papers 
produced by partners in BGBD 
project both north and south in 
seven tropical countries
CGIAR, ARI, researchers 
from NARS and local 
universities, NGOs, farmers, 
regional consortia, young 
professionals, policy makers 
Partners incorporating new 
knowledge and skills in new 




Farmer-to farmer knowledge 
sharing and extension through 
organized field trips and research 
activities result practices in at least 
two sites 
Researchers from NARS and 
local universities, NGOs, 
farmers, regional consortia, 
young professionals, policy 
makers 
Farmers realize benefits of 
knowledge sharing
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Targets Outputs Intended User Outcome Impact 
Web content in the BGBD website 
enhanced to contain data and 
information on BGBD taxonomy 
and species identification 
Researchers, CGIAR, ARI, 
local universities 
Increased number of 
biodiversity scientists use the 
website for proper 
identification and 
classification of soil biota to 
species level 
Profitable land use innovations 
scaled out beyond pilot learning 
sites through strategic alliances and 
partnerships, and application of 
alternative dissemination 
approaches.
Researchers from NARS and 
local universities, NGOs, 
farmers, regional consortia, 
young professionals, policy 
makers 
Partners incorporating new 
knowledge and skills in new 
proposals and on-going 
research efforts 
At least three capacity building 
courses on ISFM held by AfNet 
and MIS 
Researchers from NARS and 
local universities, NGOs, 
farmers, regional consortia, 
young professionals, policy 
makers  
Partners use the T shape 
approach  that enhance 
efficiency in R4D 
Output
Targets 2009 
Strategies for institutionalization of 
participatory NRM approaches and 
methodologies established 
Researchers from NARS and 
local universities, NGOs, 
farmers, regional consortia, 




multidisciplinary work and 
enhance scaling up of 
technologies and best 
practices
OUTPUT 4 
Improved rural livelihoods through 
sustainable, profitable, diverse and 
intensive agricultural production 
systems
CGIAR, ARI, researchers 
from NARS and local 
universities, NGOs, farmers, 
regional consortia, young 
professionals, policy makers
Partners promoting resilient 
production systems with 
multiple benefits (food 
security, income, human 
health and environmental 
services)
Improved resilience of 
production systems 
contribute to food 
security, income 
generation and health 
of farmers  
Output
Targets 2007 
Crop-livestock systems with triple 
benefits tested and adapted to 
farmer circumstances in hillsides 
CGIAR, ARI, researchers 
from NARS and local 
universities, NGOs, farmers, 
regional consortia, young 
professionals, policy makers 
Farmers are testing and 
adapting improved production 
systems in at least 15 sites 
across five countries 
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Targets Outputs Intended User Outcome Impact 
Strategies of BGBD management 
for crop yield enhancement, 
disease control, and other 
environmental services 
demonstrated in seven tropical 
countries participating in the 
BGBD project 
CGIAR, ARI, researchers 
from NARS and local 
universities, NGOs, farmers, 
regional consortia, young 
professionals, policy makers 
Farmers and governments 
adopting BGBD technologies 




Improved production systems 
having multiple benefits of food 
security, income, human health and 
environmental services identified 
CGIAR, ARI, researchers 
from NARS and local 
universities, NGOs, farmers, 
regional consortia, young 
professionals, policy makers
Market-led hypothesis is 
incorporated in systems 
experimentation; 
Different partners linking 
food security, environmental 
sustainability and income 
generation to health 
Validated intensive and profitable 
systems are being demonstrated, 
promoted by partners and adopted 
by farmers in 10 countries
CGIAR, ARI, researchers 
from NARS and local 
universities, NGOs, farmers, 
regional consortia, young 
professionals, policy makers 
Increased sustainable 
productivity and profitability 
of major cropping systems 
Output
Targets 2009 
The contribution of multiple stress 
adapted germplasm in driving 
overall system resilience is 
understood for the conditions 
occurring in all mandate areas 
CGIAR, ARI, researchers 
from NARS and local 
universities, NGOs, farmers, 
regional consortia, young 
professionals, policy makers 
Farmers pay more attention to 
the sustainability of their 
farming system in addition to 
productivity 
Products of the trade-off analysis 
are guiding the introduction and 
evaluation of alternative NRM 
options, better suited to the farmer 
production objectives and the 
environment of the actions sites 
CGIAR, ARI, researchers 
from NARS and local 
universities, NGOs, farmers, 
regional consortia, young 
professionals, policy makers 
Farmers use results of trade 
off analysis to make 
appropriate choice 
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Targets Outputs Intended User Outcome Impact 
OUTPUT 5 
Options for sustainable land 
management (SLM) for social 
profitability developed, with special 
emphasis on reversing land 
degradation
CGIAR, ARI, researchers 
from NARS and local 
universities, NGOs, farmers, 
regional consortia, young 
professionals, policy makers
Principles of sustainable land 
management integrated in 




to global SLM 
priorities and goals  
Decision tools (GEOSOIL; 
Decision Tree) available for land 
use planning and targeting 
production systems in acid soil 
savannas
CGIAR, ARI, researchers 
from NARS and local 
universities, NGOs, farmers, 
regional consortia, policy 
makers
Local organizations using 
the decision tools for land 
use planning 
Output
Targets 2007 Biophysical, social and policy 
niches in the landscape for 
targeting SLM technologies and 
enhanced ecosystem services 
identified and prioritized 
CGIAR, ARI, researchers 
from NARS and local 
universities, NGOs, farmers, 
regional consortia, policy 
makers 
Methods of SLM are 
incorporated in the design of 
landscape research 
Methods developed for socio-
cultural and economic valuation of 
ecosystem services developed and 
applied for trade-off and policy 
analysis in at least in 1 humid and 1 
sub-humid agroecological zones
CGIAR, ARI, researchers 
from NARS and local 
universities, BGBD network, 
NGOs, farmers, regional 
consortia, policy makers
Methods of SLM are 
incorporated in the design 




In at least four of the countries 
participating in the BGBD project, 
policy stimulated to include 
matters related to BGBD 
management, and sustainable 
utilization.
CGIAR, ARI, researchers 
from NARS and local 
universities, NGOs, farmers, 
regional consortia, policy 
makers 
Policy issues related to 
BGBD acquisition, exchange, 
intellectual property rights 
(IPR), benefits sharing, etc. 
included in local, national and 
regional government policies 
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Targets Outputs Intended User Outcome Impact 
30% of partner farmers in pilot sites 
used SLM options that arrested 
resource degradation and increased 
productivity in comparison with 
non-treated farms
CGIAR, ARI, researchers 
from NARS and local 
universities, NGOs, farmers, 
regional consortia, policy 
makers
Increased productivity and 
conservation of degraded 
landscape
75% of stakeholders in target areas 
have an improved capacity for 
collective action and local policy 
negotiation and implementation of 
integrated land use practices using 
integrated agricultural research for 
development 
CGIAR, ARI, researchers 
from NARS and local 
universities, NGOs, farmers, 
regional consortia, policy 
makers 
Improved knowledge sharing 
and exchange to empower 
stakeholder to innovate with 
respect to technologies and 




The benefits of community-based 
watershed management innovations 
quantified and disaggregated by 
wealth and gender
CGIAR, ARI, researchers 
from NARS and local 
universities, NGOs, farmers, 
regional consortia, policy 
makers 
Increased investment in 
beneficial conservation 
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3. RESEARCH HIGHLIGHTS 2006
Output 1: Biophysical and socioeconomic processes understood, principles, concepts and methods 
developed for protecting and improving the health and fertility of soils  
Influence of nutrient management strategies on variability of soil fertility, crop yields and nutrient 
balances on smallholder farms in Zimbabwe: An improved understanding of soil fertility variability 
and farmers’ resource use strategies is required for targeting soil fertility improving technologies to 
different niches within farms. We measured the variability of soil fertility with distance from homesteads 
on smallholder farms of different socio-economic groups on two soil types, a granite sand and a red clay, 
in Murewa, northeast Zimbabwe. Soil organic matter, available P and CEC decreased with distance from 
homestead on most farms. Available P was most responsive to management, irrespective of soil type, as it 
was more concentrated on the plots closest to homesteads on wealthy farms (8 to 13 mg kg-1), compared 
with plots further from homesteads and all plots on poor farms (2-6 mg kg-1). There was a large gap in 
amounts of mineral fertilizers used by the wealthiest farmers (>100 kg N and 15 kg P per farm) and the 
poorest farmers (<20 kg N and <10 kg P per farm). The wealthy farmers who owned cattle also used large 
amounts of manure, which provided at least 90 kg N and 25 kg P per farm. The poor farmers used little or 
no organic sources of nutrients. The wealthiest farmers distributed mineral fertilizers evenly across their 
farms, but preferentially targeted manure to the plots closest to the homesteads, which received about 70 
kg N and 25 kg P per plot from manure compared with 20 kg N and 8 kg P per plot on the mid-fields, and 
10 kg N and 2 kg P per plot on the outfields. All the farmers invariably applied nutrients to maize but 
little to groundnut.  Maize grain yields were largest on the homefields on the wealthy farms (2.7 to 5.0 
Mg ha-1), but poor across all fields on the poor farms (0.3 to 1.9 t ha-1). Groundnut grain yields showed 
little difference between farms and plots. N and P partial balances were largest on the wealthy farms, 
although these fluctuated from season to season (–20 to +80 kg N per farm and 15 to 30 kg P per farm). 
The partial balances on the wealthy farms were largest on the homefield (20 to 30 kg N and 13 kg P per 
plot), but decreased to 10 to 20 N and 6 to 9 kg P per plot in midfields and –7 to +10 kg N and –1 to +1 
kg P per plot in the outfields. N and P balances differed little across plots on the poor farms (–5 to +5 kg 
per plot) due to limited nutrients applied and small off-take from small harvests. Full N and P balances 
were negative for most farms and plots due to large nutrient losses estimated for soil erosion (12 to 30 kg 
N ha-1 and 6 to 15 kg P ha-1), leaching (21 to 26 kg N ha-1) and denitrification (3 to 16 kg N ha-1). This 
study highlights the need to consider soil fertility gradients and the nutrient management patterns creating 
them when designing options to improve resource use efficiency on smallholder farms.
Exploration of Integrated Soil Fertility Management for Banana Production and Marketing in 
Uganda and Kenya - Arbuscular Mycorrhizal Fungi help establishment and production of tissue 
culture banana: Although once a highly sustainable crop, banana has seen precipitous yield declines in 
its traditional growing areas in Uganda and Kenya due to a number of pests and diseases including 
weevils, nematodes, fusarium wilt, black sigatoka and more recently banana streak virus. Yields, 
however, continue to decrease even when pressure to diseases and pests is alleviated. Declining soil 
fertility has also been cited as a contributory factor. According to the Ministry of Agriculture, Ugandan 
farmers attain approximately 17 % of the potential yield from banana i.e., 5.9 t ha-1  compared with on-
station levels of up to 35 t ha-1  Soil fertility has been handled rather empirically in banana based cropping 
systems, leading to recommendations with little opportunities to be extrapolated to different situations. To 
tackle the soil- and pest/disease-related decline in banana production, we aim: (i) to improve the quality 
and quantity of marketable banana products by developing and disseminating low-cost integrated soil 
fertility management practices to support the intensification and commercialization of sustainable 
production systems and (ii) to increase the establishment and production of tissue culture banana by 
exploring better utilization of AMF. Tissue culture (TC) plantlets offer an excellent means of providing 
pest and disease-free planting material to farmers. Preliminary evidence shows that inoculation with 
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proper arbuscular-mycorrhizal fungi (AMF) enhances the early survival of tissue culture bananas. Other 
preliminary evidence also shows that enhanced AMF infection can have negative impacts on the 
proliferation of certain soil-borne pests and diseases (e.g., nematode infection). Obviously, the impact of 
inoculation needs to be visible at the farm level (e.g., through enhanced survival of TC plantlets). 
Inoculation with AMF shows considerable potential to enhance the growth of tissue-culture bananas, 
although observations after transplanting the plants under field conditions and observing their growth and 
production under field conditions is required before firm conclusions can be drawn. Association with 
banana showed bananas to be highly dependant on AMF association although they exhibited preference 
for AMF species, hence the importance of collecting AMF germplasm from banana plantations to screen 
for effectiveness on plant growth, nutrient uptake and control of root and soil borne pests and pathogens. 
Fungi isolated from existing banana plantations could further outperform the strains used in the current 
trial, which is one of the follow-up activities currently being implemented. Efforts will be made to 
continue looking for better AMF strains from existing banana plantations and to quantify the medium-to-
long term effects of this better initial growth under field conditions.
Building consensus to influence soil processes at landscape scale:  A participatory approach and a 
methodological guide were developed to identify and classify local indicators of soil quality and relate 
them to technical soil parameters, and thus develop a common language between farmers, extension 
workers and scientists. This methodological guide was initially developed and used in Latin America and 
the Caribbean-LAC (Honduras, Nicaragua, Colombia, Peru, Venezuela, Dominican Republic), and was 
later improved during adaptation and use in eastern African (Uganda, Tanzania, Kenya, Ethiopia) through 
a South-South exchange of expertise and experiences.  The aim of the methodological guide is to 
constitute an initial step in the empowerment of local communities to develop a local soil quality 
monitoring and decision-making system for better management of soil resources.  This approach uses 
consensus building to develop practical solutions to soil management constraints, as well as to monitor 
the impact of soil management strategies implemented to address these constraints. Development of local 
capacities for consensus building is strongly encouraged because it constitutes a critical step prior to 
collective action by farming communities resulting in the adoption of integrated soil fertility management 
strategies at the farm and landscape scales.
Biological nitrification inhibition is a widespread phenomenon among crops and forages:
Collaborative research between JIRCAS, Japan and CIAT has shown that biological nitrification 
inhibition (BNI) is widespread among plants with significant inter- and intra-specific variability and 
suggested that this genetically controlled BNI function could have the potential to be managed and/or 
introduced into pasture grasses/crops that do not exhibit the phenomenon via genetic improvement 
approaches that combine high productivity with the capacity to regulate soil nitrification. We screened 43 
accessions of Brachiaria humidicola for specific and total biological nitrification inhibitory (BNI) activity 
and quantified genetic diversity in BNI and identified contrasting accessions with very high (CIAT 
26573) and low BNI activity (CIAT 16880). Field studies after four cycles of analyses for BNI activity 
indicated that nitrification rates were lower with the two accessions of Brachiaria humidicola than the 
accession of Panicum maximum. A highly sensitive soil incubation method to estimate nitrite formation 
was tested and adapted to detect even small differences in nitrification rates among the grasses.  
Output 2: Economically viable and environmentally sound soil, water, and nutrient management 
practices developed and tested by applying and integrating knowledge of biophysical and 
socioeconomic processes
Within-farm soil fertility gradients affect response of maize to fertilizer application in western 
Kenya: Different fields within a farm have been observed to have different soil fertility status and this 
may affect the response of a maize crop to applied N, P, and K fertilizer. A limiting nutrient trial was 
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carried out at six farms each, in three districts of Western Kenya. In each of the farms, the following 
treatments were laid out in three fields with different soil fertility status at different distances from the 
homestead (close, mid-distance, remote fields): no inputs, application of NPK, NP, NK, or PK fertilizer 
(urea, triple super phosphate, KCl) to maize. Total soil N decreased at all sites with distance to the 
homestead (from 1.30 to 1.06 g kg-1), as did Olsen-P (from 10.5 to 2.3 mg kg-1). Grain yields in the no-
input control plots reflected this decrease in soil fertility status with distance to the homestead (from 2.59 
to 1.59 Mg ha-1). In the NPK treatments, however, this difference between field types disappeared (from 
3.43 to 3.98 Mg ha-1), indicating that N and P are the major limiting nutrients in the target areas. 
Response to applied N was related to the soil total N content in Aludeka and Shinyalu, but not in 
Emuhaya, probably related to the high use of partially decomposed organic inputs with limited N 
availability. Consequently, response to applied N decreased with distance to the homestead in Aludeka 
(from 0.95 kg kg-1 relative yield to 0.55 kg kg-1) and Shinyalu (from 0.76 kg kg-1 to 0.47 kg kg-1), but not 
in Emuhaia (from 0.75 kg kg-1 to 0.68 kg kg-1). Response to applied P was related to the soil Olsen-P 
content at all sites. While for farms with a relatively high Olsen-P gradient, response to applied P 
decreased with distance to the homestead (from 0.99 kg kg-1 to 0.68 kg kg-1), large variability in Olsen-P 
gradients across field types among farms within a specific site often masked clear differences in response 
to P between field types for a specific site. Clear scope for field-specific fertilizer recommendations 
exists, provided these are based on local soil knowledge and diagnosis. Scenario analysis, using farm-
scale modelling tools, could assist in determining optimum allocation strategies of scarcely available 
fertilizer for maximum fertilizer use efficiency. 
Advances in defining the key principles behind the social acceptance and biophysical resilience of 
Quesungual Slash and Mulch Agroforestry System (QSMAS): The knowledge generated by the 
QSMAS project funded Water and Food CP is confirming that it is possible to achieve food security in 
drought-prone areas of the sub-humid tropics without compromising soil, water and vegetation resource 
quality. Collaborative research between TSBF-LAC and MIS consortium in Central America for the past 
2 years contributed to the following progress: (i) QSMAS is a production system inserted into the 
landscape to improve livelihoods while conserving the natural resource base; (ii) local biodiversity is 
favored through the conservation of about 14 species (from 12 families) of trees and shrubs; (iii) soil 
losses due to erosion are dramatically reduced due to a combined effect of permanent soil cover and 
presence of stones in soil leading to improved water productivity and quality; (iv) pools of soil nutrients 
(N and P) maintained or even increased while soil biodiversity and biological activity is enhanced and 
these improvements in resource quality were related to the spatial distribution of trees and organic 
resources; and (v) the system is an important source of firewood for domestic consumption and has no 
significant negative effects on greenhouse gas emissions. Validation of QSMAS in Nicaragua had 
advanced more than expected, with participating farmers extending the system to other regions. Capacity 
of local farmers and technicians is being enhanced through field days and graduate and undergraduate 
students from the region through degree training. 
Output 3: Partnerships and tools developed and capacity enhanced of all stakeholders for 
improving the health and fertility of soils 
Strengthening ‘folk ecology’: community-based learning for integrated soil fertility management, 
western Kenya: Farmers and researchers in western Kenya have used community-based learning 
approaches to jointly develop a ‘dynamic expertise’ of integrated soil fertility management (ISFM). This 
transformative learning approach builds on farmers’ “folk ecology” and outsiders’ knowledge, taking 
action research on natural resource management beyond methods that are descriptive (ethnopedology) or 
curriculum driven (farmer field schools). The paper presents insights from a project’s experience of 
applying the strengthening “folk ecology” approach in western Kenya, with emphasis on the community-
based learning process, collective and individual experimentation, the power dynamics of farmer research 
groups, and learning from the farmer–researcher interface. Farmer groups have been empowered by this 
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approach but diversification into non-soil activities highlights the limitations of experimentation and the 
challenges of scaling up participatory action research.
The African Network for Soil Biology and Fertility (AfNet): The African Network for Soil Biology 
and Fertility (AfNet) continues to be a cornerstone of soil fertility research in Africa. This has been 
through the support of research activities in several sites scattered all over the East, West, Central and 
Southern Africa. In 2006 several trials were continued and these continue to provide vital information on 
the performance of the various soil and water management technologies being developed and tried out by 
researchers and farmers. In its effort to build capacity of researchers in the region, AfNet organized two 
training workshops: Gender mainstreaming and participatory research, monitoring and evaluation which 
were attended by several AfNet members. These training courses have improved the ‘T-shaped’ skills of 
the scientists making them able to address the complex issues affecting resource allocation and natural 
resource management at farm level. AfNet supported the organization of the Soil Science Society of East 
Africa (SSSEA) conference and also sponsored several members to attend workshops/conferences where 
they resented their research findings. AfNet continues to support student training at both MSc and PhD 
levels. During 2006, 22 students were supported and/or supervised in their studies. Several papers were 
also published by AfNet staff in refereed journals. The year 2006 saw the publication by Nutrient Cycling 
in Agroecosystems Journal of the AfNet Symposium Special Issue titled: Advances in integrated soil 
fertility management in sub-Saharan Africa: Challenges and Opportunities. The Special issue contains 19 
papers out of the 104 papers presented at the AfNet Yaoundé Symposium. Through AfNet, The
Comminutor, Newsletter of the TSBF Institute of CIAT Vol. 10: 1 June 2006 was published. The report 
presents the major research highlights and activities of AfNet during the year 2006.
Application of NuMaSS recommended rates resulted in substantial savings in fertilizer use by 
farmers: Completion of a network of N fertilization trials in Honduras and Nicaragua provided soil and 
crop N coefficients for the six most common maize varieties grown in the region. Along with the interim 
release of the Data Base Editor Module for NuMaSS, these coefficients are enabling users (MIS partners, 
farmers and NGO`s groups) to customize the software’s database and make site- and varietal-specific 
fertilizer N recommendations within their regional domains. Six NGOs working with FAO in subsistence 
farming communities of Honduras were trained in NuMaSS and are using the customized database to 
develop N recommendations for their demonstration trials with farmers. Results are showing that 
application of NuMaSS recommended rates resulted in substantial savings in fertilizer use by farmers. 
NARS from both countries (INTA-Nicaragua and DICTA-Honduras) agreed to include NuMaSS in their 
operational plan for 2007 and lead further validation of the system  
Output 4: Improved rural livelihoods through sustainable, profitable, diverse and intensive 
agricultural production systems 
Profitability of agro-forestry based soil fertility management technologies: the case of small holder 
food production in Western Kenya: Persistent food insecurity accompanied by low and declining farm 
household incomes are a common feature of many small holder maize and bean producers in western 
Kenya. This has been largely attributed to soil nutrient depletion, among other factors. One way of 
addressing soil fertility problems in many maize-based cropping systems is the use of agro-forestry based 
technologies. We carried out a survey in western Kenya (Vihiga and Siaya districts) aimed at analyzing 
the financial and social profitability of use of agroforestry based (improved tree fallows) and other soil 
fertility management technologies among smallholder farmers. The Policy Analysis Matrix (PAM) was 
used to determine the financial and social profitability of different production systems, which were 
categorized on the basis of the technology used to address soil fertility. Farm budgets were first prepared 
and in turn used to construct the PAMs for six production systems namely: maize–bean intercrop without 
any soil fertility management inputs; maize–bean intercrop with chemical fertilizers only; maize–bean 
intercrop with a combination of chemical fertilizers and improved fallows; maize–bean intercrop with 
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improved fallows only; maize–bean intercrop with a combination of improved fallows and rock 
phosphate; and maize–bean intercrop with Farm Yard Manure (FYM) only. Results revealed that use of 
chemical fertilizers with improved fallows was the most profitable technology and thus the study 
recommended that farmers be encouraged to intensify the use of chemical fertilizers. To make chemical 
fertilizers more accessible to farmers, the study also recommended that good linkages be made between 
farmers and micro credit institutions so that small scale farmers are not actually biased against due to lack 
of collateral when credit is being advanced to clients. 
Output 5: Options for sustainable land management (SLM) practices for social profitability 
developed, with special emphasis on reversing land degradation 
Socio-ecological niche: a conceptual framework for integration of legumes in smallholder farming 
systems: There are numerous examples of technologies with great potential that have not been accepted 
by smallholder farmers. Quite often, these technologies do not fit well into smallholder systems due to the 
inherent high level of heterogeneity of these systems. For example, despite their great potential, the 
adoption of legumes by smallholder farmers in many parts of sub-Saharan Africa has remained poor. A 
wide range of biophysical (e.g. climate, soil fertility, etc.) and socio-economic variables (e.g. preferences, 
prices, production objectives etc.) influence the use of legumes in smallholder systems. While some of 
these variables constrain the adoption of some legumes, others offer opportunities for beneficial use of 
other legumes in the same system. Therefore, widespread adoption of legumes in smallholder systems can 
only be achieved if all of the major biophysical and socio-economic constraints are simultaneously 
identified and addressed. The ‘socio-ecological niche’ concept proposed in this paper provides the 
framework through which this might be achieved. The socio-ecological niche, in any given region of 
agricultural activity, is created by the convergence of agro-ecological, socio-cultural, economic and 
ecological factors, to describe a multidimensional environment for which compatible technologies can be 
predicted. The socio-ecological niche concept can be applied in many different contexts in technology 
development. However, this paper discusses its use with respect to the development of legume 
technologies. Two case studies are presented to illustrate the concept and to demonstrate its practical 
significance. The concept is being used in on-going research on legumes in smallholder farming systems 
in western Kenya. 
Assessment of the hydrological services and socioeconomic effects of Payment for Environmental 
Services (PES) schemes in the Andes: During the last decade, schemes of PES are considered as 
mechanisms that could promote SLM (sustainable land management) without depleting the 
socioeconomic conditions of inhabitants of the Andean watersheds. However, there are only few cases 
where proper quantification and valuation of those impacts are assessed. This is the case of the 
Pimampiro PES scheme in Ecuador that was created five years ago to facilitate payments from the urban 
water users to the households located in the Palahurco River micro-watershed. By means of hydrological 
modelling and trade off analysis these effects were measured and valued. Thus, it was found that 
guarantying forest cover with the payments avoids actual increments of the sediment yield, since if it is 
replaced by the current agricultural systems the sediments will be increased by about three times. From 
the socioeconomic standpoint, although the current payment amounts are relatively low, they do represent 
an economic incentive. This is explained by the fact that the opportunity cost of conserving these areas is 
practically equal to what they receive through the conservation payments. In terms of additionality, there 
is a potential to reduce current sediment yield.  If current agricultural areas are replaced by forests, the 
current sediments could be lowered by about 68%. However, this change in land use will require an 
increment in the payment amounts as the opportunity costs will be higher. This methodology is also 
applied to other Andean watersheds where PES schemes are at the design stage. This will permit to target 
spatial areas were maximum impact on environmental services can be reached and will enable to calculate 
the amount of money that should be paid to the service providers.  
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Using carbon trading for promoting SLM alternatives in marginal lands: A carbon sequestration 
project for the tropical savannas of northern Colombia was designed and negotiated with the Biocarbon 
Fund. The proposed carbon sequestration components are silvopsatoral systems and commercial forest 
plantations in 2600 ha of low productive lands.  In order to develop concrete plans for the carbon 
emission reductions (CERs) with the Biocarbon Fund, eligible areas were identified according to the 
UNFCCC (United Nations Framework Convention on Climate Change) conditions, the baseline from the 
socioeconomic and carbon stock perspective was characterized and the ex ante net anthropogenic GHG 
(greenhouse gas) removal by the proposed systems were calculated. In general the IRR (internal rate of 
return) calculated for the project is around 20% and when the social benefits caused by income and 
employment are included, that is, all benefits not collected directly by the producers but received by 
society; the project IRR is around 30%. The ex ante calculation of GHG removals resulted in 246992 
CO2-e to 2017 and 1015839 CO2-e to 2037. The project will be executed in 2007 by the Colombian 
National Agricultural Research Organization (CORPOICA), the Environmental Corporation of the Sinu 
and San Jorge Rivers (CVS) and CIAT. 
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4. PROJECT OUTCOME
Developed dual-purpose soybean value chain and increased income of smallholder farm families 
and other rural entrepreneurs in East Africa
TSBF-CIAT and its partners contributed to improved rural livelihoods in East Africa (Kenya, Uganda, 
Tanzania) through enhanced income, improved health, and more sustainable agriculture by increasing the 
land cropped with dual-purpose soybean and fostering links between production and demand. This 
outcome resulted from the activities of Output 4 of PE-2 Project (TSBF Institute) on “Improved rural 
livelihoods through profitable, diverse and intensive agricultural production systems” of CIAT-MTP 
2004-2006. The number of farmer groups (15–130 individual members each) growing soybean has 
increased from three to 16 in three districts in western Kenya in 2005 in less than two cropping seasons. 
The corresponding area planted to soybean by the groups increased from 4.1 ha to 16.3 ha in Migori
district, 1.6 ha to 6.2 ha in Butere-Mumias district. Results in 2006 show that over 300 networks of 
farmers’ groups and 4,000 individual farmers from more than 10 districts are presently participating in 
soybean promotion in Kenya; up from 9 farmers’ groups and 180 individual farmers at project inception. 
The area cultivated to soybean has increased more than 10-fold, with yields improving from 0.6t/ha to 
about 1.5 t/ha. Network of farmers’ groups is already supplying large-scale feed/food processing 
companies with increasing quantities of top quality soybeans with market desired traits. Farmers’ bulking 
of produce is generating tangible results with some farmers’ groups already delivering grains with 
market-preferred traits to processing companies at agreed market clearing prices. Many poor farmers 
testified to increased ability to pay children’s school fees and purchase of inputs (mineral fertilizers, etc.). 
Some farmers are beginning to remove sugarcane (so-called “cash crop” that no longer brings cash due to 
market collapse caused by globalization) from their lands, replacing them with soybean (Reuben Omondi 
et al. personal communication/ observation). 
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Output 1
Biophysical and socioeconomic processes understood, 
principles, concepts and methods developed for protecting 
and improving the health and fertility of soils 
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Output 1: Biophysical and socioeconomic processes understood, principles, 
concepts and methods developed for protecting and improving the health and 
fertility of soils
Rationale
Sustainable agriculture is viewed here from a systems perspective in which the agroecosystem interacts 
with the atmospheric system and the hydrological cycle as well as with the social and economic systems 
of the community where it is practiced. This conceptual model transcends the classical boundaries of the 
biophysical sciences and requires integration with economics, sociology, anthropology and political 
science.  In this context, Output 1 contributes towards developing a mechanistic understanding of the 
physical, chemical and biological processes regulating soil fertility as a result of intensification and 
diversification of cropping systems and the recuperation of degraded lands.  Nutrient cycling and organic 
matter dynamics are undoubtedly key drivers of agroecosystem function and resilience. There is 
increasing need, however, to address the issue of scale-dependence of different soil processes ranging 
from processes at the plant’s rhizosphere, to nutrient gradients within farms or greenhouse gas emissions 
at the landscape scale.  
The processes of land conversion and agricultural intensification are a significant cause of biodiversity 
loss, including that of below ground biodiversity (BGBD), with consequent negative effects both on the 
environment, ecosystem services and the sustainability of agricultural production.  Documentation of 
BGBD, including the biological populations conserved and managed across the spectrum of agricultural 
intensification, is an essential component of the information required for assessment of environment-
agriculture interactions, as is the evaluation of the impact of agricultural management on the resource 
base, particularly that of the soil.  Soil organisms contribute a wide range of essential services to the 
sustainable function of agroecosystems among which the biological control of pests and diseases ranks 
high. The combination of soil fertility and pest and disease management approaches is likely to be a 
unique opportunity to exploit synergies for the benefit of crop productivity.   
Improving the natural resource base without addressing issues of marketing and income generation is 
often the reason for the lack of adoption of improved farming practices. Participatory approaches have 
shown considerable potential in facilitating farmer consensus about which soil related constraints should 
be tackled first. Consensus building is an important step prior to upscaling and collective action by 
farming communities in integrated soil fertility management (ISFM) at the landscape scale. Integration of 
local and scientific knowledge to develop an integrated or “hybrid” knowledge and thus increased 
relevance is an overall strategy for sustainable soil management. 
Key research questions: 
1. Can temporal and spatial heterogeneity at the farm, community, and landscape scale levels be 
exploited with sustainable land management (SLM) technologies that enhance production and/or 
improve ecosystem services? 
2. How does loss of below-ground biodiversity (BGBD) relate to increasing land use intensity and  
what are the effects on ecosystem function? 
3. To what extent is conservation agriculture applicable to different farming systems?  
4. How can we build increased capacity for ISFM by integrating local and technical knowledge? 




? In a set of trials in western Kenya, evaluating the performance of various classes of legumes as 
affected by soil fertility status, agro-ecological conditions, and P application on legume grain 
yield, biological nitrogen fixation and shoot N accumulation, N2-fixation and net N inputs 
differed significantly with rainfall and soil fertility status. Mean N2-fixation by green manure 
legumes ranged from 319 kg ha-1 (velvet bean) to 29 kg ha-1 (jackbean). For the forage legumes, 
mean N2-fixation ranged from 97 kg N ha-1 for desmodium to 39 kg N ha-1 for siratro, while for 
the grain legumes, the range was from 172 kg N ha-1 for lablab to 3 kg N ha-1 for soyabean 
without P. Lablab and groundnut showed consistently greater N2-fixation and net N inputs across 
agro-ecological and soil fertility gradients. The results demonstrate differential contributions of 
the green manure, forage and grain legume species to soil fertility improvement in different 
biophysical niches in smallholder farming systems and suggest that appropriate selection is 
needed to match species with the niches and farmers’ needs. 
? In a trial in Zimbabwe on two contrasting soil types, evaluating the impact of organic resource 
quality on maize productivity and soil mineral N dynamics, early season soil mineral N 
availability was the primary regulatory factor for maize productivity obtainable under poor sandy 
soils. Maize biomass at 2 weeks after planting was a potential tool for early season assessment of 
potential yields under constrained environments.  
? Soybean accessions were significantly different in their ability to stimulate Striga hermonthica
seed germination with some soybean accessions showing a higher germination potential than 
Desmodium and Mucuna. Seeds of Striga, treated with strigol, a chemical that stimulates Striga
germination, displayed high germination rates, which was not significantly different from 
stimulation due to soybean accessions like TGX1448-2E and TGX1740-2F. Pot trials clearly 
confirmed some of the trends observed in above laboratory tests and confirm the existence of 
large variation in suicidal germination potential of different soybean varieties. 
? Improved (TGX) and local varieties of soybeans were assessed through farmer’s participatory 
approaches for suitability for production in different environments in Kenya. These varieties were 
further evaluated using their protein, oil and physical properties (colour and weight of 100 corns). 
Most of the varieties in this screening exercise were good for home consumption and the local 
variety (Nyala) and the improved one (Maksoy 4M) were ideal for industrial use based on grain 
size as the indicator. However, the yields from Nyala are generally low and only can be used if 
the TGX varieties were crossed with them to improve their yield.  
? In Western Kenya, on P-deficient soils, a more efficient P management strategy would be to 
apply small amount of P to each crop. Use of large doses of P such as 250 kg P ha-1 with or 
without seasonal additions of P may in the long term be expensive to the farmers and thus the cost 
effectiveness of application of these large amounts must be compared to the low rates with or 
without seasonal additions. Preliminary findings based on modeling indicated that labile P pools 
decreased with cropping period due to net transfer to the stable pool and crop uptake.  
? Farmer participatory approach was used to evaluate improved soybean varieties to identify the 
varieties that are suited to different environments in Kenya and thus enhance the effectiveness of 
recommendations through widespread adoption. 
? In Mozambique, the participatory camera methodology proved a valuable tool for providing 
further insights into group dynamics, empowerment and shared decision making around linking 
farmers to markets. 
? In Mozambique, results demonstrate that some benefits of social capital are not equally 
distributed, and in some cases create competitive advantage, more than public goods.  There are 
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significant differences based on gender, position within groups and educational levels, with male 
group members and the more educated benefiting more. 
? In Zimbabwe, field results showed that blanket fertilizer recommendations are of limited 
relevance for heterogeneous smallholder farms. Targeted application of mineral fertilizers and 
manure according to soil type and past management of fields is imperative for improving crop 
yields and nutrient use efficiencies.  
? In Zimbabwe, results showed the essential role of manure in sustaining and replenishing soil 
fertility on smallholder farms through its multiple effects. Manure may not supply sufficient 
amounts of N required by crops, whilst mineral N and P fertilizers alone do not supply other 
essential nutrients and may lead to soil acidification. Integrated use of mineral N and P fertilizers 
and manure is therefore required for sustainable crop production and soil fertility management on 
smallholder farms in sub-Saharan Africa.
? Showed that biological nitrification inhibition (BNI) may be widespread among plants with 
significant inter- and intra-specific variability and suggested that this genetically controlled BNI 
function could have the potential to be managed and/or introduced into pasture grasses/crops that 
do not exhibit the phenomenon via genetic improvement approaches that combine high 
productivity with the capacity to regulate soil nitrification.  
? Screened 43 accessions of Brachiaria humidicola for specific and total biological nitrification 
inhibitory (BNI) activity and quantified genetic diversity in BNI and identified contrasting 
accessions with very high (CIAT 26573) and low BNI activity (CIAT 16880). 
? Field studies after four cycles of analyses for BNI activity indicated that nitrification rates were 
lower with the two accessions of Brachiaria humidicola than the accession of Panicum maximum.
A highly sensitive soil incubation method to estimate nitrite formation was tested and adapted to 
detect even small differences in nitrification rates among the grasses.  
? Showed that the PCR technique developed is precise and reproducible for monitoring biological 
nitrification inhibition activity through soil bacterial populations of ammonium oxidizing bacteria 
and Archaea.
? Showed that soil organisms are extremely diverse and contribute to a wide range of ‘soil 
based’ecosystem services that are essential to the sustainable function of natural and managed 
ecosystems.
? A participatory approach and a methodological guide were developed to identify and classify 
local indicators of soil quality and relate them to technical soil parameters, and thus develop a 
common language between farmers, extension workers and scientists. Development of local 
capacities for consensus building constitute a critical step prior to collective action by farming 
communities resulting in the adoption of integrated soil fertility management strategies at the 
farm and landscape scales.  
? Showed that mixing prunings of multipurpose trees and shrubs (MPT) materials with contrasting 
quality is an effective way to modify aerobic N release pattern as well as apparent anaerobic N 
degradation and could possibly be applied to minimize N losses in the rumen and in the soil. In 
addition, apparent anaerobic N degradation was identified as good predictor of aerobic N release 
in the soil, which has resource saving implications when screening MTP to be used as green 
manures. 
? A methodological approach was developed in which the origin of soil aggregates separated 
according to visual criteria could be determined by comparing their specific organic matter 
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signatures assessed by Near Infrared Spectrometry (NIRS) to signatures of biogenic structures 
produced by soil ecosystem engineers (invertebrates and roots) living in the same soil. 
? Compared differences in soil phosphorus fractions between large earthworm casts and 
surrounding soils in 10 year-old upland agroforestry system, pasture, and secondary forest in the 
Central Brazilian Amazon and found that earthworm casts had higher levels of organic hydroxide 
P than surrounding soils. 
? Showed the potential of bio-char applications to improve N input into agroecosystems throught 
improvement in biological nitrogen fixation.  
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Output target 2007 
? At least three indicators of soil health and fertility at plot, farm and landscape scales in acid soil 
savannas identified 
Published work 
Schlecht1, E.,  Buerkert2, A., Tielkes3, E. and Bationo3, A. (2006) A critical analysis of challenges 
and opportunities for soil fertility restoration in Sudano-Sahelian West Africa. Nutrient Cycling in 
Agroecosystems 76: 109-136
1University of Hohenheim, Germany; 2University of Kassel, Germany; 3TSBF-CIAT 
Abstract: Since the 1970s, research throughout West Africa showed that low soil organic matter and 
limited availability of plant nutrients, in particular phosphorus and nitrogen, are major bottlenecks to 
agricultural productivity, which is further hampered by substantial topsoil losses through wind and water 
erosion. A few widely recognized publications pointing to massive nutrient mining of the existing crop-
livestock production systems triggered numerous studies on a wide array of management strategies and 
policies suited to improve soil fertility. Throughout West Africa, the application of crop residue mulch, 
animal manure, rock phosphates and soluble mineral fertilizers have been shown to enhance crop yields, 
whereby yield increases varied with the agro-ecological setting and the rates of amendments applied. In 
more humid areas of Western Africa, the intercropping of cereals with herbaceous or ligneous leguminous 
species, the installation of fodder banks for increased livestock and manure production, and composting 
of organic material also proved beneficial to crop production. However, there is evidence that the low 
adoption of improved management strategies and the lack of long-term investments in soil fertility can be 
ascribed to low product prices for agricultural commodities, immediate cash needs, risk aversion and 
labour shortage of small-scale farmers across the region. The wealth of knowledge gathered during 
several decades of on-station and on-farm experimentation calls for an integration of these data into a 
database to serve as input variables for models geared towards ex-ante assessment of the suitability of 
technologies and policies at the scale of farms, communities and regions. Several modeling approaches 
exist that can be exploited in this sense. Yet, they have to be improved in their ability to account for agro-
ecological and socio-economic differences at various geographical scales and for residual effects of 
management options, thereby allowing scenario analysis and guiding further fundamental and 
participatory research, extension and political counselling. 
Pypers1, P., Delrue2, J., Diels2, J., Smolders2, E. and Merckx2, R. (2006) Phosphorus intensity 
determines short-term P uptake by pigeon pea (Cajanus cajan L.) grown in soils with differing P 
buffering capacity. Plant & Soil 284: 217-227 
1TSBF-CIAT, Kenya; 2K.U.Leuven, Belgium 
Abstract: Phosphorus (P) uptake by plant roots depends on P intensity (I) and P quantity (Q) in the soil. 
The relative importance of Q and I on P uptake is unknown for soils with large P sorption capacities 
because of difficulties in determining trace levels of P in the soil solution. We applied a new isotope 
based method to detect low P concentrations (< 20 µg P l-1). The Q factor was determined by assessment 
of the isotopically exchangeable P in the soil (E-value) and the I factor was determined by measurement 
of the P concentration in the pore water. A pot trial was set up using four soils with similar labile P 
quantities but contrasting P buffering capacities. Soils were amended with KH2PO4 at various rates and 
pigeon pea (Cajanus cajan L.) was grown for 25 days. The P intensity ranged between 0.0008 and 50 mg 
P l-1 and the P quantity ranged between 10 and 500 mg P kg-1. Shoot dry matter (DM) yield and P uptake 
significantly increased with increasing P application rates in all soils. Shoot DM yield and P uptake, 
relative to the maximal yield or P uptake, were better correlated with the P concentration in the pore water 
(R2=0.83–0.90) than with the E-value (R2=0.40–0.53). The observed P uptakes were strongly correlated to 
values simulated using a mechanistic rhizosphere model (NST 3.0). A sensitivity analysis reveals that the 
effect of P intensity on the short-term P uptake by pigeon pea exceeded the effect of P quantity both at 
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low and high P levels. However, DM yield and P uptake at a given P intensity consistently increased with 
increasing P buffering capacity (PBC). The experimental data showed that the intensity yielding 80% of 
the maximal P uptake was 4 times larger in the soil with the smallest PBC compared to the soil with the 
largest PBC. This study confirms that short-term P uptake by legumes is principally controlled by the P 
intensity in the soil, but is to a large extent also affected by the PBC of the soil. 
Pypers1, P.,Van Loon2, L., Diels2, J., Abaidoo3, R., Smolders2, E. and Merckx2, R. (2006) Plant-
available P for maize and cowpea in P-deficient soils from the Nigerian Northern Guinea savanna – 
comparison of E- and L-values. Plant & Soil 283: 251-264 
1TSBF-CIAT, Kenya; 2K.U. Leuven; 3IITA, Nigeria 
Abstract: There are several indications that legumes are capable of accessing sparingly soluble 
phosphorus (P) in the soil through root-induced processes. We hypothesize that this plant-induced 
mobilization of P can be demonstrated if the plant accessible P assessed by isotopic dilution (‘L-value’) 
exceeds the corresponding values assessed in soil extracts (‘E-values’). A greenhouse experiment was set 
up to assess if L/E ratios are affected by P supply and by crop type. The L- and E-values were determined 
in three P-deficient soils of the Nigerian Northern Guinea savanna (NGS), applied with various rates of 
TSP, for two cowpea varieties (Vigna unguiculata L., cv Dan-Ila and cv IT-82D-716) and maize (Zea 
mays L., cv. Oba Super I) as a reference. Plants grown in control soils were severely P-deficient. Plant 
growth and shoot P uptake significantly increased with increasing P application in all three soils and for 
all crops, but relative yield and shoot-P responses to P application were similar between maize and 
cowpea. Both L- and E-values increased with increasing P application. Average L/E ratios for maize were 
1.4±0.3 and were unaffected by the P application. For cowpea in contrast, L/E ratios were 3.1±0.2 
(significantly larger than one) in one of the three control soils and significantly decreased to 1.3±0.1 at 
largest P supply. Elevated L/E ratios in cowpea were not associated with an increase in P uptake 
compared to the other two control soils in which no increase in L/E ratio was observed. It is concluded 
that cowpea is able to access non-labile P under P-deficient conditions. However, this process cannot 
overcome P deficiency in these soils, probably because P uptake is limited by the small P concentration in 
the soil solution (1–2 µg P l-1) and this limitation is not overcome by an increase in the accessible soil P 
quantity (L-value).
Zingore1,2, S., Murwira1, H.K., Delve1, R.J. and Giller2, K.E. (2007) Influence of nutrient 
management strategies on variability of soil fertility, crop yields and nutrient balances on 
smallholder farms in Zimbabwe. Agriculture, Ecosystems and Environment 119: 112-126 
1TSBF-CIAT, Zimbabwe; 2Wageningen University, the Netherlands
Abstract: An improved understanding of soil fertility variability and farmers’ resource use strategies is 
required for targeting soil fertility improving technologies to different niches within farms. We measured 
the variability of soil fertility with distance from homesteads on smallholder farms of different socio-
economic groups on two soil types, granite sand and red clay, in Murewa, northeast Zimbabwe. Soil 
organic matter, available P and CEC decreased with distance from homestead on most farms. Available P 
was most responsive to management, irrespective of soil type, as it was more concentrated on the plots 
closest to homesteads on wealthy farms (8 to 13 mg kg-1), compared with plots further from homesteads 
and all plots on poor farms (2-6 mg kg-1). There was a large gap in amounts of mineral fertilizers used by 
the wealthiest farmers (>100 kg N and > 15 kg P per farm; 39 kg N ha-1 and 7 kg P ha-1) and the poorest 
farmers (<20 kg N and <10 kg P per farm; 19 kg N ha-1 and 4 kg P ha-1). The wealthy farmers who owned 
cattle also used large amounts of manure, which provided at least 90 kg N and 25 kg P per farm per year 
(36 kg N ha-1 and 10 kg P ha-1). The poor farmers used little or no organic sources of nutrients. The 
wealthiest farmers distributed mineral fertilizers evenly across their farms, but preferentially targeted 
manure to the plots closest to the homesteads, which received about 70 kg N and 18 kg P per plot from 
manure compared with 20 kg N and 8 kg P per plot on the mid-fields, and 10 kg N and 2 kg P per plot (76 
kg N ha-1 and 21 kg P ha-1) from manure compared with 23 kg N and 9 kg P per plot on the midfields (26 
kg N ha-1 and 10 kg P ha-1), and 10 kg N and 1 kg P per plot (and ha-1) on the outfields. Crop allocation on 
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the home fields was most diversified on the wealthiest farms where maize was allocated 41% of the area 
followed by grain legumes (24%) and paprika (21%). Maize was allocated at least 83% of the homefields 
on farms with less access to resources. All the farmers invariably applied nutrients to maize but little to 
groundnut. Maize grain yields were largest on the homefields on the wealthy farms (2.7 – 5.0 t ha-1), but 
poor across all fields on the poor farms (0.3 - 1.9 t ha-1). Groundnut grain yields showed little difference 
between farms and plots. N and P partial balances were largest on the wealthy farms, although these 
fluctuated from season to season (–20 to +80 kg N per farm and 15 - 30 kg P per farm; average 21 kg N 
ha-1 and 8 kg P ha-1). The partial balances on the wealthy farms were largest on the homefield (20 - 30 kg 
N and 13 kg P per plot; >26 kg N ha-1 and 13 kg P ha-1), but decreased to 10 – 20 N and 6 – 9 kg P per 
plot (<20 kg N ha-1 and 13 kg P ha-1) in midfields and –7 to +10 kg N and –1 to +1 kg P per plot (<10 kg 
N ha-1 and <2 kg P ha-1) in the outfields. N and P balances differed little across plots on the poor farms (-2 
to +4 kg per plot;–5 to +4 kg ha-1) due to limited nutrients applied and small off-take from small harvests. 
This study highlights the need to consider soil fertility gradients and the nutrient management patterns 
creating them when designing options to improve resource use efficiency on smallholder farms. 
Zingore1,2, S., Murwira1, H.K., Delve1, R.J. and Giller2, K.E. (2007) Soil type, historical 
management and current resource allocation: three dimensions regulating variability of maize 
yields and nutrient use efficiencies on smallholder farms. Field Crops Research 101: 296 - 305 
1TSBF-CIAT, Zimbabwe; 2Wageningen University, the Netherlands
Abstract: Soil fertility varies markedly within and between African smallholder farms, both as a 
consequence of inherent factors and differential management. Fields closest to homesteads (homefields) 
typically receive most nutrients and are more fertile than outlying fields (outfields), with implications for 
crop production and nutrient use efficiencies. Maize yields following application of 100 kg N ha-1 and 
different rates and sources of P were assessed on homefields and outfields of small holder farms in 
Zimbabwe. Soil organic carbon, available P and exchangeable bases were greater on the homefields than 
the outfields. In each of three experimental seasons, maize yields in homefield control plots were greater 
than in the outfields of farms on a granitic sandy and red-clay soil. Application of mineral N significantly 
increased maize yields on home fields in the first season (2.1-3.0 t ha-1 on the clay soil and 1.0-1.5 t ha-1
on the sandy soil)  but the effects of N alone were not significant on the outfields due to other yield-
limiting factors. Greatest yields of about 6 t ha-1 were achieved on the clayey home field with 100 kg N 
ha-1 and 30 kg P ha-1 applied as single super phosphate (SSP). Manure application gave greater yields (3-4 
t ha-1) than SSP (2-3 t ha-1) in the sandy home field and in the clayey outfield. Maize did not respond 
significantly to N, dolomitic lime, manure and P on the sandy outfield in the first and second seasons. In 
the third season, manure application (17 t manure ha-1 year-1) on the sandy outfield did result in a 
significant response in grain yields. Apparent P recovery in the first season was 55-65% when P was 
applied at 10 kg ha-1 on the clayey home field (SSP), clayey outfield (SSP and manure) and sandy home 
field (manure) with apparent P recovery less than 40% when P was applied at 30 kg ha-1. On the sandy 
outfield, P recovery was initially poor (<20%), but increased in the successive seasons with manure 
application. In a second experiment, less than 60 kg N ha-1 was required to attain at least 90% of the 
maximum yields of 2-3 t ha-1 on the sandy home field and clayey outfield. N use efficiency varied from 
>50 kg grain kg-1 N on the infields, to less than 5 kg grain kg-1 N on the sandy outfields. Apparent N 
recovery efficiency by maize was greatest at small N application rates with applied. We concluded that 
blanket fertilizer recommendations are of limited relevance for heterogeneous small holder farms. 
Targeted application of mineral fertilizers and manure according to soil type and past management of 
fields is imperative for improving crop yields and nutrient use efficiencies.  
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Subbarao1, G.V., Ito1, O., Sahrawat2, K.L., Berry3, W.L., Nakahara4, K., Ishikawa4, T., Watanabe4,
T., Suenaga5, K., Rondon6, M. and Rao6, I.M. (2006) Scope and strategies for regulation of 
nitrification in agricultural systems – Challenges and opportunities. Critical Reviews in Plant 
Sciences 25: 303-335 
1Crop Production and Environment Division, JIRCAS, Japan; 2ICRISAT, India; 3University of California, 
USA; 4Food Science and Technology Division, JIRCAS, Japan; 5JIRCAS, Japan; 6TSBF-CIAT, Cali, 
Colombia
Abstract: Nitrification, a microbial process, is a key component and integral part of the nitrogen (N) 
cycle. Soil N is in a constant state of flux, moving and changing chemical forms. During nitrification, a 
relatively immobile N-form (NH4+) is converted into highly mobile nitrate-N (NO-3). The nitrate formed 
is susceptible to losses via leaching and conversion to gaseous forms via denitrification. Often less than 
30% of the applied N fertilizer is recovered in intensive agricultural systems, largely due to losses 
associated with and following nitrification. Nitrogen-use efficiency (NUE) is defined as the biomass 
produced per unit of assimilated N and is a conservative function in most biological systems. A better 
alternative is to define NUE as the dry matter produced per unit N applied and strive for improvements in 
agronomic yields through N recovery. Suppressing nitrification along with its associated N losses is 
potentially a key part in any strategy to improve N recovery and agronomic NUE. In many mature N-
limited ecosystems, nitrification is reduced to a relatively minor flux. In such systems there is a high 
degree of internal N cycling with minimal loss of N. In contrast, in most high-production agricultural 
systems nitrification is a major process in N cycling with the resulting N losses and inefficiencies. This 
review presents the current state of knowledge on nitrification and associated N losses, and discusses 
strategies for controlling nitrification in agricultural systems. Limitations of the currently available 
nitrification inhibitors are highlighted. The concept of biological nitrification inhibition (BNI) is proposed 
for controlling nitrification in agricultural systems utilizing traits found in natural ecosystems. It is 
emphasized that suppression of nitrification in agricultural systems is a critical step required for 
improving agronomic NUE and maintaining environmental quality. 
Completed work 
Variable grain legume yields, responses to phosphorus and rotational effects on maize across soil 
fertility gradients on African smallholder farms.  
S. Zingore1, R.J. Delve2, H.K. Murwira and K.E. Giller2
1TSBF-CIAT, Zimbabwe; 2Wageningen University, the Netherlands
Soil fertility varies markedly within and between African smallholder farms, both as a consequence of 
inherent factors and differential management. Fields closest to homesteads (homefields) typically receive 
most nutrients and are more fertile than outlying fields (outfields), with implications for crop production 
and nutrient use efficiencies. Maize yields following application of 100 kg N ha-1 and different rates and 
sources of P were assessed on homefields and outfields of smallholder farms in Zimbabwe. Soil organic 
carbon, available P and exchangeable bases were greater on the homefields than outfields. In each of 
three experimental seasons, maize yields in homefield control plots were greater than in the outfields of 
farms on a granitic sandy and a red-clay soil. Application of mineral N significantly increased maize 
yields on homefields in the first season (2.1 to 3.0 t ha-1 on the clay soil and 1.0 to 1.5 t ha-1 on the sandy 
soil) but the effects of N alone were not significant on the outfields due to other yield-limiting factors. 
Greatest yields of about 6 t ha-1 were achieved on the clayey homefield with 100 kg N ha-1 and 30 P kg 
ha-1 applied as single super phosphate (SSP). Manure application gave greater yields (3-4 t ha-1) than SSP 
(2-3 t ha-1) in the sandy homefield and in the clayey outfield. Maize did not respond significantly to N, 
dolomitic lime, manure and P on the sandy outfield in the first and second seasons. In the third season, 
manure application (~17 t manure ha-1 yr-1) on the sandy outfield did result in a significant response in 
grain yields. Apparent P recovery in the first season was 55 - 65% when P was applied at 10 kg ha-1 on 
the clayey homefield (SSP), clayey outfield (SSP and manure) and sandy homefield (manure) with 




was initially poor (<20%), but increased in the successive seasons with manure application. In a second 
experiment, less than 60 kg N ha-1 was required to attain at least 90% of the maximum yields of 2-3 t ha-1
on the sandy homefield and clayey outfield. N use efficiency varied from >50 kg grain kg-1 N on the 
infields, to less than 5 kg grain kg-1 N on the sandy outfields. Apparent N recovery efficiency by maize 
was greatest at small N application rates with P applied. We conclude that blanket fertilizer 
recommendations are of limited relevance for heterogeneous smallholder farms. Targeted application of 
mineral fertilizers and manure according to soil type and past management of fields is imperative for 
improving crop yields and nutrient use efficiencies.  
Niche-based assessment of contributions of legumes to the nitrogen economy of Western Kenya 
smallholder farms. 
J.O. Ojiem1, B. Vanlauwe2, N. de Ridder3 and K.E. Giller3
1KARI, Kenya, 2TSBF-CIAT, 3 Wageningen University, the Netherlands 
Abstract: Nitrogen (N) deficiency is a major constraint to the productivity of the African smallholder 
farming systems. Grain, green manure and forage legumes have the potential to improve the soil N 
fertility of smallholder farming .systems through biological N2-fixation. The N2-fixation of bean 
(Phaseolus vulgaris), soybean (Glycine max), groundnut (Arachis hypogaea), lima bean (Phaseolus 
lunatus), lablab (Lablab purpureus), velvet bean (Mucuna pruriens), crotalaria (Crotalaria ochroleuca),
jackbean (Canavalia ensiformis), desmodium (Desmodium uncinatum), stylo (Stylosanthes guianensis)
and siratro (Macroptilium atropurpureum) was assessed using the 15N natural abundance method. The 
experiments were conducted at three sites in western Kenya, selected on an agro-ecological zone (AEZ) 
gradient defined by rainfall. On a relative scale, Museno represents high potential AEZ 1, Majengo 
medium potential AEZ 2 and Ndori low potential AEZ 3. Rainfall in the year of experimentation was 
highest in AEZ 2, followed by AEZ 1 and AEZ 3. Experimental fields were classified into high, medium 
and low fertility classes, to assess the influence of soil fertility on N2-fixation performance. The legumes 
were planted with triple super phosphate (TSP) at 30 kg P ha-1, with an extra soyabean plot planted 
without TSP (soyabean-P), to assess response to P, and no artificial inoculation was done. Legume grain 
yield, shoot N accumulation, %N derived from N2-fixation, N2-fixation and net N inputs differed 
significantly (P<0.01) with rainfall and soil fertility. Mean grain yield ranged from 0.86 Mg ha-1, in AEZ 
2, to 0.30 Mg ha-1, in AEZ 3, and from 0.78 Mg ha-1, in the high fertility field, to 0.48 Mg ha-1, in the low 
fertility field. Shoot N accumulation ranged from a maximum of 486 kg N ha-1 in AEZ 2, to a minimum 
of 10 kg N ha-1 in AEZ 3. Based on shoot biomass estimates, the species fixed 25– 90% of their N 
requirements in AEZ 2, 23–90% in AEZ 1, and 7–77% in AEZ 3. Mean N2- fixation by green manure 
legumes ranged from 319 kg ha-1 (velvet bean) in AEZ 2 to 29 kg ha-1 (jackbean) in AEZ 3. For the 
forage legumes, mean N2-fixation ranged from 97 kg N ha-1 for desmodium in AEZ 2 to 39 kg N ha-1 for 
siratro in AEZ 3, while for the grain legumes, the range was from 172 kg N ha-1 for lablab in AEZ 1 to 3 
kg N ha-1 for soybean-P in AEZ 3. Lablab and groundnut showed consistently greater N2-fixation and net 
N inputs across agro-ecological and soil fertility gradients. The use of maize as reference crop resulted in 
lower N2-fixation values than when broad-leaved weed plants were used. The results demonstrate 
differential contributions of the green manure, forage and grain legume species to soil fertility 
improvement in different biophysical niches in smallholder farming systems and suggest that appropriate 
selection is needed to match species with the niches and farmers’ needs.
Multiple benefits of manure: the key to maintenance of soil fertility and restoration of depleted 
sandy soils on African smallholder farms
S. Zingore1, R.J. Delve2, H.K. Murwira1, and K.E. Giller2
1TSBF-CIAT, Zimbabwe; 2Wageningen University, the Netherlands
Manure is a key nutrient resource on smallholder farms in the tropics, especially on poorly buffered sandy 
soils, due to its multiple benefits for soil fertility. Smallholder farms in Africa consist of multiple fields 
that are managed differently, which leads to steep gradients of soil fertility within farms. Farmers 
preferentially apply manure to fields closest to homesteads (homefields), which are consequently more 
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fertile than fields further away from homesteads (outfields). Chemical measurements were made on soils 
from four fields, a homefield and an outfield of a farm located on a sandy soil and the same on a farm on 
a clay soil, in order to assess the long-term effects of manure use. Soils from these fields were again 
sampled for analysis from experimental plots after maize was grown for three years with mineral N 
fertilizer application in combination with manure or mineral P. Nutrient addition experiments in pots in 
the greenhouse were used to identify limiting nutrients for growth of maize and to investigate the capacity 
of manure to supply N, P, bases and micronutrients. The sandy and clayey homefields were initially more 
fertile than the outfields on a similar soil type. Addition of about 17 t ha-1 manure in combination with 
ammonium nitrate (100 kg N ha-1) for three successive seasons significantly increased soil organic carbon 
(SOC) by up to 63%, pH by 0.2 units, available P by 8 mg kg-1 and base saturation by 20% on the sandy 
outfield. Sole N as ammonium nitrate (100 kg N ha-1) or in combination with SSP led to acidification of 
the sandy soils, with a decrease of up 0.8 pH units after three seasons. In the greenhouse experiment, N 
and Ca were identified as deficient on the sandy homefield, while N, P, calcium (Ca) and zinc (Zn) were 
deficient or low on the sandy outfield. On the sandy outfield, addition of manure significantly increased 
the maize shoot biomass and the concentrations of Ca and Zn, but depressed the concentration of N. No 
nutrient deficiencies were detected on the clayey homefield, whilst P was deficient on the clayey outfield. 
This study highlights the essential role of manure in sustaining and replenishing soil fertility on 
smallholder farms through its multiple effects. Manure may not supply sufficient amounts of N required 
by crops, whilst mineral N and P fertilizers alone do not supply other essential nutrients and may lead to 
soil acidification. Integrated use of mineral N and P fertilizers and manure is therefore required for 
sustainable crop production and soil fertility management on smallholder farms in sub-Saharan Africa.
Does the enhanced P acquisition by maize following legumes in a rotation result from improved soil 
P availability?  
P. Pypers1, M. Huybrighs, J. Diels2, R. Abaidoo3, E. Smolders2 and R. Merckx2
1TSBF-CIAT, Kenya; 2K.U. Leuven; 3IITA, Nigeria 
Field data have suggested that under P-deficient conditions, legumes supplied with phosphate rock (PR) 
increase P acquisition by a subsequent maize crop compared to direct application of PR to maize. This 
study assessed the mechanism of this positive rotational effect in terms of soil P availability using a 
greenhouse trial with large volume (74 l) containers. The rotation effect was analysed in relation to PR 
application, previous legume growth and incorporation of the legume residues. Velvet bean (Mucuna 
pruriens) and maize were grown in a representative Acrisol from the Nigerian Northern Guinea savannah. 
All soils were applied with sufficient urea to exclude N-effects in the rotations. In a first season, velvet 
bean and maize responded similarly to PR application, and P uptake by both crops increased by 45%. The 
soil total labile P quantity (E-value) and P concentration in soil solution (31P solution)  after plant growth 
were increased by PR-application only in soils previously grown by the legume, demonstrating its 
capacity to mobilize PR. In the subsequent season, grain yields and P uptake of a maize crop following 
velvet bean were twice as large compared to maize following a first maize crop. This residual effect of 
velvet bean was even significant in treatments without PR-application, although both maize and velvet 
bean withdrew similar amounts of P during the first season and no differences in soil P availability were 
observed. Furthermore, legume residue incorporation in soils previously grown by maize did not affect 
yields or P uptake of the subsequent maize crop, while it significantly increased the E-value and 31P 
solution during the first 7 weeks in the second season. As such, the positive rotational effects of velvet 
bean were larger than predicted by soil P availability measures. Maize yield significantly increased with 
increasing plant P concentration among all treatments. However, the rotation effect was unrelated to 
internal P concentration: significantly larger yields were obtained for maize following velvet bean than 
for maize following maize at identical internal P. This suggested the presence of another growth-limiting, 
possibly soil biological factor which is counteracted by the previous velvet bean growth. In conclusion, 
our results confirmed that the introduction of a legume supplied with PR into a maize-based cropping 
system increases yield and P-uptake by a subsequent maize crop, compared to maize following a first 
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maize crop supplied with PR. These stimulations were, however, unrelated to improved P nutrition of the 
maize crop, but rather to other beneficial effects induced by the legume growth. 
Adoption potential of improved varieties of soybean in the farming systems of Kenya: ex-ante 
analysis
J. Chianu1, B. Vanlauwe1, N. Sanginga1, A. Adesina2, B. Douthwaite3 and J. Mukalama1
1TSBF-CIAT, Kenya; 2Rockefeller Foundation, Kenya; 3TSBF-CIAT, Colombia
Preliminary screening results indicate that over ten of these improved soybean varieties from Nigeria 
exhibit excellent performance under the agricultural production conditions in western Kenya. Among the 
other attributes of the improved soybean varieties are their potential to improve soil fertility through more 
atmospheric nitrogen fixation than Nyala, the most popular local variety. 
Based on the promising nature of the recent efforts at researching for and promoting improved soybean 
varieties that are high yielding and soil fertility-improving through their ability to fix atmospheric 
nitrogen (among other numerous attributes) in the farming systems of Kenya, TSBF-CIAT received 
financial support from the Rockefeller Foundation to enhance its current effort aimed at promoting 
soybean in the farming systems of East Africa (Kenya, Uganda, and Tanzania). Following this financial 
gesture, TSBF-CIAT has been expanding its soybean research especially in the areas of varietal screening 
and agronomy in order to select and recommend to farmers the best bet of the varieties that are high 
yielding, high nitrogen-fixing, and adaptable under different conditions in the farming systems of Kenya, 
Uganda, and Tanzania.  
TSBF-CIAT is also empowering the farming communities on various methods of processing soybean for 
home utilization and household cash income – an important step to ensure sustainability. Since many past 
projects aimed at promoting soybean in East Africa (including Kenya) region could not result in the take 
off of soybean, TSBF-CIAT considered it crucial to carry out ex-ante analysis of the adoption potential of 
the new promiscuous soybean varieties in the farming systems of Kenya, essential before committing 
scarce resources in promoting adoption and other scaling out and scaling up activities. 
The overall objective of this paper is to carry out an ex-ante analysis of the adoption potential of the new 
improved soybean varieties in the farming systems of Kenya. The specific objectives are: (1) to assess the 
biophysical, environmental, and agro-climatic conditions of the various farming systems in Kenya in 
relation to the performance of soybean, (2) to evaluate the attributes of the improved soybean varieties 
and highlight their important characteristics that will likely influence adoption in the farming systems of 
Kenya either positively or negatively, (3) to examine the policy environment in relation to the probability 
of adoption of improved soybean varieties in the farming systems of Kenya, (4) to evaluate the existing 
institutions in relation to their support or non-support of farmer adoption of the improved soybean 
varieties, (5) to assess the socio-economic characteristics of the farm households in relation to the 
probability of adoption of improved soybean varieties, and (6) to determine the potential economic 
benefits of the adoption of improved soybean varieties in the farming systems of Kenya. All these would 
help to ensure proper targeting of improved soybean varieties and hence eventual widespread uptake. 
Overall, the conditions of the farming systems of Kenya are suitable and can support the adoption of the 
improved soybean varieties. Eight important broad factors were assessed to reach this conclusion. These 
are: (i) Biophysical, environmental, and agro-climatic conditions, (ii) Conducive farming practices, (iii) 
Attributes of the improved soybean varieties, (iv) Political stability and policy environment. Others are 
(v) Institutions, (vi) Socioeconomic characteristics of farm households, (vii) Economic benefits, and (viii) 
Farmer participatory approach in improved soybean development and promotion. Across these factors, 
the potential contributions of improved promiscuous soybean varieties in significantly improving farm 
productivity have been amply demonstrated. This will most likely attract the interest of the farmers. There 
is, therefore, sufficient evidence that farmers will likely adopt the improved soybean varieties in Kenya. 
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This ex-ante result indicates that the improved soybean varieties (especially those selected by farmers in 
different locations) merit further attention and investment. 
Improvement of low fertility soils (Oxisols) for high productivity and sustainability of crop-
livestock systems in tropical savannas of Colombia
E. Amézquita, I.M. Rao, E. Barrios, M.A. Rondón, M.A. Ayarza, P.Hoyos, D.L. Molina and I.I. 
Corrales
TSBF-CIAT, Cali, Colombia 
The neotropical savannas of South America cover about 250 million hectares in Bolivia, Brazil, 
Colombia, Guyana, and Venezuela, and are connected with other important biomes, such as the Amazon 
Basin and the Chaco Region of Bolivia, Paraguay, and Argentina. Because of this proximity and, partly, 
because some of the soil resources are similar, the technology developed for the use of these savannas has 
influenced agronomic and land use practices applied in these other ecosystems. These savannas present 
one of the last major land areas with potential for agricultural production, and represent an area equivalent 
to the world’s area of irrigated crop land. 
There are enormous expectations in the international community for the use of this region - one of the few 
areas in the world available for immediate growth in food production. A great challenge thus exists in 
preserving natural resources while ensuring the sustainability of agricultural and livestock production. As 
world population continues growing the demand for food will increase and, because the productivity of 
some crops is reaching a plateau, there will be increasing pressure to bring any remaining lands into 
agricultural production. Thus it seems inevitable that more of the savanna lands will be exploited. 
Lessons from the experience in the Brazilian Cerrados suggest that crop and pasture monocultures are not 
sustainable under the current management practices. The estimated rate of land degradation in the 
Cerrados is between 2%-4% per year. The causes of degradation of crop lands include soil compaction 
and erosion losses from inappropriate management practices, a rapid loss of soil organic matter, weed 
infestation, and pest and disease infestations. An example of the degree of anthropogenic intervention in 
the savanna agroecosystem is the fact that more than 12 million hectares are devoted to annual crops, 
many of which, such as maize and soybean, require high levels of external inputs, such as agrochemicals, 
energy, and management. Between 30 and 50 million hectares have been converted into monocropped 
pastures and most of them are under a process of degradation.  
The challenge to achieve sustainable crop and livestock production systems is to generate technologies 
that can maintain high levels of productivity, while minimizing environmental risks. To achieve this it is 
necessary to overcome soil physical, chemical and biological limitations and to fight against soil 
degradation when subjected to monocropping, even under high-level of fertilizer applications. These 
processes are not well documented yet.  
No-tillage, minimum tillage, and integrated crop/livestock systems are proving successful technologies in 
terms of farmer adoption. However, to ensure that, over the long term, these marginal savanna lands are 
being developed in a sustainable manner, we need to understand the principles and functioning of these 
systems; appreciate the social, cultural, and economic aspects involved; promote a favorable policy 
environment; and seek a clearer understanding of sustainability and its measurement. There is need to 
develop (1) alternative crop options that tolerate acid soil conditions, (2) better understanding of water 
and nutrient cycles, (3) principles of soil organic matter and crop residue management, and (4) improved 
biological management of soil fertility. 
Major soil constraints for crop and pasture production in the Colombian savannas (Altillanura, 3.5 million 
hectares) are: (1) soil acidy and low nutrient availability, (2) high values of bulk density, (3) high 
susceptibility to erosion when loosened for planting crops and pastures, (4) weak soil structure; (5) low 
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organic matter contents; (6)surface sealing; (7) low biological activity and biodiversity; (8) very low 
available water; (9) low infiltration capacity and, and (10) low hydraulic conductivity.  
To make these soils productive it is necessary to improve their edaphic conditions to met the requirements 
of soil factors essential for good root growth, and therefore, for high crop production. Such soil growth 
factors are:
a) Presence and availability of essential nutrients;  
b) Adequate aeration for roots and microorganisms;  
c) Adequate available water;  
d) Easy root penetration;  
e) Rapid and uniform seed germination; and  
f) Resistance of the soil to slaking, surface sealing and accelerated erosion. 
A comparison between the soil constrains found in the Llanos, with the edaphic factors needed for good 
crop production, lead to the conclusion that these soils must be improved in terms of physical, chemical 
and biological conditions to make them productive and to move them to conservation agriculture (no-
tillage) systems. This statement is supported by the results of two long-term experiments. To improve 
soils, experiments were established and from them the concept of building up an arable layer was 
developed. The arable layer concept proposed is based on combining: (1) adapted crop and forage 
germplasm; (2) vertical tillage to overcome soil physical constraints (high bulk density, surface sealing, 
low porosity, low water, infiltration rates, poor root penetration, etc.); (3) use of chemical amendments 
(lime and fertilizers) to enhance soil fertility; and (4) use of agropastoral systems to increase rooting, to 
promote soil biological activity, and to avoid soil repacking and compactation after tillage. 
A set of field experiments were established in 1993 on a well drained silty clay loam soil (Tropeptic 
Haplustox Isohyperthermic Kaolinitic under native savanna at the Carimagua Experimental Station (4° 
37’ N, 71° 19’ W, 175 m altitude) in the Eastern Plains (Llanos) of Colombia. It has a mean annual 
rainfall of 2240 mm and mean temperature of 27 °C. Soils have a pH of around 4.5, very low values of 
exchangeable Ca, Mg, K, and P and very high Al saturation (about 90%).  
Treatments were arranged in the field using a split-plot design with four replications, in which alternative 
systems (in sub-plots, size 0.36 ha) were based on upland rice or maize (main plots). In phase I, the 
experiment included a high lime rate (2000 kg ha-1) for maize production and 500 kg ha-1 for rice 
production according to crop requirements. Rice and maize-based systems are reported here. A rice and 
maize system was planted as: (1) rice monoculture; (2) rice in rotation with cowpea for grain); (3) rice in 
rotation with cowpea for green manure (GM), and (4) rice in rotation with “improved” grass-legume 
pasture leys. Cowpea or GM rotations occurred within each year, i.e., rice was sown in the first season 
(semester) and the legumes in the second season annually. Pastures were sown simultaneously under rice 
in 1993 and again in 1998, and grazed for 4 years. The same rotations were implemented with maize 
except that the legume used was soybeans. Native savanna plots were maintained for baseline 
comparisons. Rice plots received an annual application of 200 kg ha-1of dolomitic limestone, 80 kg-N ha-1
(split: 20+30+30), 60 kg-P ha-1 and 100 kg-K ha-1. Legumes (cowpeas or GM) received 20 kg-N ha-1, 40 
kg-P ha-1 and 60 kg-K ha-1. Pastures were fertilized every two years with 20 kg-P ha-1. Plot sizes 200 m × 
18 m (3600 m2) were used to allow for grazing by cattle and the use of conventional machinery. Maize 
plots received an annual application of 200 kg ha-1 of dolomitic limestone, 120 kg-N ha-1 (split: 
33+33+33%), 80 kg-P ha-1 and 100 kg-K ha-1 (split: 33+33+33%). 
A satellite experiment was carried out at Matazul farm (4° 9’ 4.9” N, 72° 38’ 23” W and 260 masl). The 
area has and average annual rainfall of 2719 mm, mean temperature 26.2 °C, EPT of 1623 mm and RH of 
81%. The soil is classified as Typic Haplustox Isohypertermic Kaolinitic. A complete randomized block 
experimental design in two textural soils (light and heavy) with three doses of dolomitic lime (1, 2 and 3 
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Mg ha-1) were incorporated with chisel at different depths 0-15, 0-30 and 0-45 cm respectively, and with a 
disk harrow (control) at 0-10 cm depth. The objective of the experiment was to improve the physical 
conditions of the soil, to facilitate root penetration at different depths and to improve the chemical 
conditions through lime and fertilization. The amount of Ca, Mg and K was calculated to increase base 
saturation levels in the exchangeable complex at 50%, 20% and 5% respectively. The Amount of P 
applied was calculated to increase its content to 20 ppm. Two crops were sown; maize and Panicum
maximum. Maize plots were sown each year for three consecutive years, while pasture was established 
only in the first year. After three years of chisel and harrowing treatments maize plots were sown with a 
direct-drilling machine, to study the residual effects of previous treatments. Chemical and physical 
characteristics of the soils are shown in Table 1. 
1. Bulk density in Cerrado (Brazil) and Colombian Llanos (Savanna) soils  
It has been accepted that savanna soils in the world and especially in South America are similar, because 
they exhibit almost the same landscape and vegetation. However, savanna soils of different places (South 
America and Africa) present different natural soil conditions for root growth and the responses to 
cultivation are also different. Figure 1 shows bulk density values of Brazilian Cerrados soils and of some 
soil series of Carimagua in the Colombia Llanos.  
Clearly Cerrados soils exhibited lower bulk density values through the soil profile (0 to 200 cm depth) 
than the soils from Carimagua. Brazilian soils presented bulk density values of less than 1.0 Mg m-3
except when the soil was cultivated conventional tillage. Altillanura soils presented values from 1.25 to 
1.7 Mg-3 in the 0 to 100 cm depth in edaphic terms this means that Brazilian soils have a better infiltration 
rate, water distribution, water storage capacity, capacity for root growth, soil volume for root exploration, 
pore soil continuity for water flux, etc. as compared with Altillanura soils, which are harder, with low 
infiltration capacity, less porosity, less volume for root development, etc. The main reason for these 
differences lays on the geological origin of both soils. Brazilians Cerrados have been development ‘‘in 
situ’’, while Altillanura soils has been mostly formed by sediment deposition coming from the mountains. 
Rice systems are compared in relation to native savanna. 
2. Impact of  crop-livestock systems on soil physical conditions 
Changes in soil physical properties as a result of crop rotations and ley farming systems are are shown in 
Table 2. The saturated hydraulic conductivity of this Oxisol under native savanna is low. A hydraulic 
conductivity of 10 cm h-1 would be considered critical for the prevailing climatic conditions at Carimagua 
(2700 mm year-1 and high intensity storms, sometimes 100-120 mm h-1). Most of the observed values 
were below this critical value. These results indicate that this soil has limited ability for downward water 
movement, resulting in temporary waterlogging during intense storms. Movement of water through the 
soil profile is more critical with depth. Thus, soil management strategy to improve crop and pastures 
productivity must include practices to increase soil hydraulic conductivity. 
Statistically significant differences for bulk density were found among systems at different depths but 
these values for 0-10 and 10-20 cm soil layers are considered non-limiting for root growth and 
distribution. Below the 20 cm soil depth where tillage implements (disc harrows) are not expected to have 
any direct impact, bulk density values were generally higher than those found in the ploughed layers. 
However, they were not substantially different than native savanna values found at the same depth, 
indicating that land preparation was not causing added compaction in subsoil layers. 
Although some statistically significant differences in macroporosity were found among the different 
systems, values in the 0-10 and 10-20 cm soil layers are considered non-limiting for root growth and 
distribution. Below this depth, some values lower than the critical levels (10%) were observed. Rice 
monocropping resulted in marked decrease of macroporosity for 20-40 cm soil depth when compared 
with rotation systems. 
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Table 1. Some chemical and physical characteristics of the soils under study. 
Light texture Heavy texture 







Calcium saturation (%) 
Magnesium saturation (%) 
Aluminium saturation (%) 
Physical characteristics 
Sand content (%) 
Organic matter (%) 
Infiltration (cm h-1)
Total porosity (%) 
Penetrability (kg cm2)
Soil strength (kPa) 
Bulk density (Mg m3)

































Figure 1. Bulk density (Mg m-3) differences between Cerrados (Brasil) and Altillanura (Colombia) soils. 







































































Table 2. Impact of different crop rotation and lay farming systems on certain soil physical characteristics 


















































































3. Impact of crop-livestock systems on soil chemical conditions 
Temporal changes in soil pH and exchangeable Aluminium (Al) in all rice treatments were found to be 
very similar. The temporal fluctuations in soil pH and exchangeable Al observed in all soil layers can 
probably be attributed to variability associated with factors such as burning and temporary anaerobic 
conditions due to high rainfall which directly impact on soil pH and, consequently, in soluble Al. 
Increasing Soil P and Ca values reflected increasing system intensity. In the absence of inputs no 
significant changes in available P or exchangeable Ca in savanna plots were observed during the five 
years of experimentation. Available P remained at low levels in all soil depths (0-10, 10-20 and 20-40 
cm), and exchangeable Ca was higher in the surface soil (0-10 cm) than in subsoil layers. Under the rice-
agropastoral system, available P and exchangeable Ca levels increased modestly with time as a response 
to the initial applications of lime and P to the pioneer rice crop and the small bi-annual maintenance 
applications to the pasture thereafter. The resultant levels of available P (about 10 mg kg-1) are considered 
adequate for acid soil adapted forage germplasm. 
Under rice-monocrop system, P availability increased during the first three years in response to P 
fertilization but remained unchanged in the latter two years, especially in the surface soil layer (0-10 cm). 
This could be due to P removal by weeds which became increasingly prevalent as the experiment 
progressed, and to P fixation by soil incorporated from subsoil layers through excessive ploughing. The 
increase in available P in the 10-20 cm layer in 1998 supports this interpretation. Exchangeable Ca 
increased in all soil layers as a response to annual lime applications. In the surface soil, the largest 
increase occurred in the first year and remained unchanged thereafter. Instead, annual Ca inputs were 
reflected in the 10-20 and 20-40 cm layers which progressively increased during the 5 year period, 
presumably due to leaching from the surface soil. 
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Changes in soil pH and exchangeable Al did not correlated well with changes in exchangeable Ca, 
probably due to the very low lime rates applied and the leaching of Ca moving downward as 
accompanying cation with nitrate or chloride anions which did not affect pH. Changes in exchangeable 
Ca under the rice-cowpea rotation were very similar to those under rice monoculture although movement 
of Ca into the subsoil was slightly less, perhaps due to scavenging by deep cowpea roots and cycling of 
Ca back to the surface through cowpea residues. In contrast, levels of available P in the 0-10 cm layer 
increased much more sharply over time and were accompanied by increased levels of available P in the 
subsurface 10-20 cm layer. These increases in available P reflect the additional applications of P fertilizer 
to cowpea component of the rotation while subsoil increases were probably that result of the increased 
frequency of cultivation required for the cowpea crop. 
The rice-GM system was the most intensely cultivated. Although inputs of lime and P fertilizer were the 
same as for the rice-cowpea system, there were some notable differences in available P and exchangeable 
Ca dynamics between the two. Exchangeable Ca in the 0-10 cm layer did not rise to the levels observed in 
either the rice monoculture or the rice-cowpea system, although changes in the subsoil layers were very 
similar. This can be explained by an increased rate of leaching of soluble Ca through the soil profile with 
the much higher nitrate concentrations generated by mineralization of ammonia produced by 
decomposing GM residues. Available P followed a similar temporal trend to that observed in the rice-
cowpea system in the first three years. However, in the latter two years, the increased intensity of tillage 
apparently caused some incorporation of P. 
4. Relationship between maize productivity and root growth 
Average maize yields after 5 years of the establishment of treatments for the maize planted after native 
savanna, maize monocrop and after pastures are shown in Figure 2. Yields ranged from 1.2 under native 
savanna to 4.2 Mg ha-1 after 5 years of pastures, showing the beneficial effect of pasture roots in 
maintaining a good soil physical, chemical and biological soil environment maize production. Monocrop 
maize yields after 5 year of continuous cultivation were of about 2.1 Mg ha-1. Therefore, the use of the 
roots of pastures for improving soil conditions is essential for increasing and maintaining maize 
productivity (Figure 3). 
A relationship between depth of maize roots and maize yields is shown in Figure 4 . The figure shows 
that as maize roots presence increased in depth, yields increased. Low yields (1 Mg ha-1) were found 
when rooting depth was restricted to the 0-10 cm depth which occurred under the native savanna 
treatment. Higher yields occurred when roots were able to penetrate to 40 cm depth, which occurred in 
maize plots after 5 year of the P. maximum pasture. From this information we can conclude that a 
practical depth of soil preparation could be around 28 cm and this should be done with chisels. As rooting 
depth increases roots have a higher volume of soil to explore and, therefore more water and nutrients are 
available.
5. Matazul satellite experiment 
To test the concept of building-up an arable layer two textural soils (light and heavy) were selected in 
Matazul farm to establish the experiment. Some physical and chemical conditions of these soils are shown 
in Table 3. 
The main objective was to improve the productivity capacity of these soils to a depth of 45 cm. In a first 
step the soils were loosened with chisel to a depth 0-15 and 0-30 cm afterwards in the second land 
preparation they were loosened to 30 and 45 cm depth respectively. Lime was calculated to reach a final 
calcium saturation of 50% at depths of tillage and was incorporated with chisels (vertical land 
preparation); Mg and K were applied to reach saturation values of 20% and 5% using appropriated 
sources of fertilizer (Dolomitic lime + sulcamag and KCl). The following scheme was followed (Figure 
5).
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Figure 2. Maize yields under three different systems (culticore). 
Figure 3. Roots of maize under minimum-till after 5 years of crop-pasture rotation. 
Figure 4. Relationship between maize yields and rooting depth in Culticore. 
r2 = 0.72
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Table 3.  Some physical and chemical conditions. 
Light texture Heavy texture 







Calcium saturation (%) 
Magnesium saturation (%) 







Sand content (%) 
Organic matter (%) 
Infiltration (cm h-1)
Total porosity (%) 
Penetrability (kg cm2)
Soil strength (kPa) 
Bulk density (Mg m3)











































Figure 5. Strategy to convert low productive soil to high productive soil through buildup of arable layer. 
After three years of the experiment some changes occurred (Table 4). As compared to native savanna, 
infiltration and total porosity increased. Infiltration rate passes from 1.87 to 8.1 and 3.4 cm h-1 in the light 
soil and from 1.37 to 2.90 and 9.20 cm h-1 in the heavy soil. However, in any of the cases the challenge 
goal (15 cm h-1) was achieved. This means that it is needed to introduce more roots into the soil profile to 
Low productive soil, 
without arable layer 
High productive 
soil, with an arable 
layer 










increase infiltration capacity and to maintain a better soil bulk condition. By the other hand, it is clear that 
the heavy soil is responding more satisfactory to the treatments. 
Total porosity also increased with treatments from 42.7% under native savanna to 51.7% and 48.2% in 
the light soil and from 50.3% to 57.2% in both treatments in the heavy soil. Therefore, improving this soil 
property, soil penetrability, soils strength and bulk density diminished with treatments in relation to native 
savanna, showing an improvement in these conditions; a better soil environment for root growth. The 
goals were reached. 
The effect of the treatments in the improvement of the chemical conditions of the light soil is presented in 
Table 5. The amount of Ca and Mg increased strongly with depth in comparison to native savanna. Both 
nutrients reached deeper depths under the condition of chisel to 45 cm depth. At 0-5 cm depth, Ca 
saturation increased from 12.06% under native savanna to a range between 58-71% in the treatments, 
independently of the system. At 5-15 cm depth it increased from 9.35% to a range between 40% and 70% 
due to the treatments. At a depth of 15-25 cm, very small increases were found when the chisel depth was 
of 30 cm, but higher when chisel depth was 45 cm depth. As the goal of the experiment was to increase 
Ca saturation to 50% at the depth of chisel, it can be seen that it was possible to surpass this goal at the 
first two depths, but it was behind this goal at deeper depths. Better Ca saturation in depth was found at a 
chisel depth of 45 cm. This is due to the fact that lime incorporation with chisel is not horizontally 
uniform. More uniformity is expected to be reached with successive incorporations over time. 
The amount of P increased from 3.67 to 10.4 ppm in the top 0-5 cm layer and from 2.37 to 28.7 ppm at 
the second depth. Less increment was found at deeper layers, but P content was higher than the original in 
native savanna. The presence of more P in the second layer is due to chisel incorporation. P levels seemed 
to be adequate for crop growth in both soils.  
Table 4. Soil physical improvement (0-15 cm depth) after 3 years of treatments. 









Total porosity (%) 
Penetrability (kg cm2)
Soil strengh (Kpa) 
Bulk density (Mg m3)
Heavy soil 
Infiltration (cm h-1)
Total porosity (%) 
Penetrability (kg cm2)
Soil strengh (Kpa) 










































Table 5. Effect of treatment in the improvement of the chemical conditions of the soil (arable layer) after 
3 years. Light soil. 
Depth of chisel 
(0-30 cm) 
Depth of chisel 
(0-45 cm) 





1 2 3 1 2 3 
Ca (cmol kg-1)
0 a 5 
5 a 15 
15 a 25 
25 a 35 
Mg (cmol kg-1)
0 a 5 
5 a 15 
15 a 25 
25 a 35 
Ca-s at (%)
0 a 5 
5 a 15 
15 a 25 
25 a 35 
P (ppm)
0 a 5 
5 a 15 
15 a 25 

















































































































a, b) Same letters mean no significant differences at 5% level 
System 1= Year 1 (Rice/Rice) + Year 2 (Maize/Pearl Millet + legume) + Year 3 (Maize) 
System 2= Year 1 (Rice/Pasture) + Year 2 (Maize/Soybean) + Year 3 (Maize) 
System 3= Year 1 (Rice+Pasture+legume) + Year 2 (Maize/Pearl Millet+legume) + Year 3 (Maize) 
The effect of the treatments on the chemical characteristics of the heavy soil, are presented in Table 6. Ca 
and Mg content increased strongly with depth it both chisel depths, in relation to native savanna. Ca 
saturation reached values higher than 50% in the first layer, but lower with depth, showing that in this 
kind of soil, is more difficult to get uniform lime incorporation. But even so, Ca and Mg were not limiting 
for maize production. P content increased a little under the treatments in relation to native savanna. As 
well as in the light soil, higher values were found in the second layer, due to the chisel effects.  
6. Maize yields 
Although there was no much difference in yields between treatments, crops yields overall were higher 
than those in the traditional farmers harrow system (1000 in light and -1500 kg ha-1 in heavy soil, Table 
7). In all three management systems (cropping system, source of lime and depth of chisel) there was an 
increase in maize yields as a function of time in both soils. Higher yields were obtained in the heavy than 
in the light soil (Table 8). 
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Table 6. Effect of tillage treatment in the improvement of the chemical conditions of the soil (arable 
layer) after 3 years. Heavy soil. 
Depth of chisel 
(0-30 cm) 
Depth of chisel 
(0-45 cm) 





1 2 3 1 2 3 
Ca (cmol kg-1)
0 a 5 
5 a 15 
15 a 25 
25 a 35 
Mg (cmol kg-1)
0 a 5 
5 a 15 
15 a 25 
25 a 35 
Ca-sat (%)
0 a 5 
5 a 15 
15 a 25 
25 a 35 
P (ppm)
0 a 5 
5 a 15 
15 a 25 

















































































































a,b) Same letters mean not significant differences at  5% level 
System 1= Year 1 (Rice/Rice) + Year 2 (Maize/Pearl Millet + legume) + Year 3 (Maize) 
System 2= Year 1 (Rice/Pasture) + Year 2 (Maize/Soybean) + Year 3 (Maize) 
System 3= Year 1 (Rice+Pasture+legume) + Year 2 (Maize/Pearl Millet+legume)+Year 3 (Maize) 
In the light soil maize yields increased on average from 3789 kg ha-1 in 2002 to 5375 kg ha-1 in 2003, 
showing an increase of yields as function of soil improvement over time and the use of superior genetic 
material. We started with open pollinated varieties and finished with hybrids of maize. 
In the heavy soil, average maize yields in 2002 were 4306 kg ha-1 and 6196 kg ha-1 in 2003. Similar to the 
light soil, yields increased over time, due to the same factor plus the influence of higher clay content on 
soil fertility and water retention. These results suggest that the improvement of the physical and chemical 
conditions of these soils leads to better root growth, which is essential for high productivity and 
sustainability. Thus, the building up of an arable layer is a key concept and aslo a management tool to 
give roots the opportunity to explore a greater volume of soil. This concept can be applied to other soils 
with similar physical and chemical restrictions as in the soils of the Llanos.
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Table 7. Maize yields (kg ha-1) overtime in the light soil. 
Maize yields (kg ha-1)
Year 2002 Year 2003 
Treatment






Source of lime 
Dolomitic lime 
Sulcamag+lime 
Depth of chisel 
0 a 30 cm 






















4560 b 5375 a 
Average
Cumulative lime (kg ha-1)
0 a 30 cm 






a,b) Same letters mean not significant differences at  5% level 
System 1 = Year 1 (Rice/Rice) + Year 2 (Maize/Pearl Millet + legume) + Year 3 (Maize) 
System 2 = Year 1 (Rice/Pasture) + Year 2 (Maize/Soybean) + Year 3 (Maize) 
System 3 = Year 1 (Rice+Pasture+legume) + Year 2 (Maize/Pearl Millet+legume) +Year 3 (Maize) 
Table 8. Maize yields (kg ha-1) overtime in heavy soil. 
Maize yields (kg ha-1)
Year 2002 Year 2003 
Treatment






Source of lime 
Dolomitic lime 
Sulcamag+lime 
Depth of chisel 
0 a 30 cm 






















4703 b 6196 a 
Average
Cumulative lime (kg ha-1)
0 a 30 cm 







a,b) Same letters mean not significant differences at  5% level 
System 1= Year 1 (Rice/Rice) + Year 2 (Maize/Pearl Millet + legume) + Year 3 (Maize) 
System 2= Year 1 (Rice/Pasture) + Year 2 (Maize/Soybean) + Year 3 (Maize) 
System 3= Year 1 (Rice+Pasture+legume) + Year 2 (Maize/Pearl Millet+legume)+Year 3 (Maize) 
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The main conclusions from this study were: 
1. Inherent bulk density and porosity of soils in the Cerrados are not as limiting for agricultural 
productivity as in Colombian savannas soils.  
2. Results from the Carimagua experiment (Culticore) showed that there is a need for a physical, 
chemical and biological improvement of these soils before they can be managed under no-tillage 
systems 
3. Maize yields after 5 years of Panicum maximum were higher, than after 5 years of maize 
monocropping system, demonstrating the importance of pasture roots in improving soil conditions for 
crop production. 
4. Maize yields in the Carimagua experiment were highly correlated to rooting depth.  
5. The concept of building up an arable layer in Matazul farm, to improve the physical, chemical and 
biological conditions of the soil, through vertical tillage and the use of soil amendments, showed a 
very positive impact on maize yields. 
6. Maize yields increased with time; therefore, there was a permanent improvement of soil conditions 
for crop production. 
7. The concept of building-up an arable layer should be applied in tropical soils with physical, chemical 
and biological constraints as those of the Colombian savannas soils, if the objective is to increase 
productivity and to reach sustainability, to cope with human demands.  
Is biological nitrification inhibition (BNI) a widespread phenomenon?  
G.V. Subbarao1, O. Ito1, T. Ishikawa1, K. Ankara1, M. Rondon2, I.M. Rao2 and C. Lascano2
1JIRCAS, Japan; 2TSBF-CIAT, Colombia 
Nitrification, a microbial process, is a key component and integral part of the soil-nitrogen (N) cycle 
determining how N is absorbed, utilized or dispersed into the environment, all of which have large 
implications as to plant productivity and environmental quality. During nitrification, the relatively 
immobile NH4+ is converted to the highly mobile NO3-. This process strongly influences N utilization by 
plants, because the NO3- formed, is in many situations highly susceptible to loss from the root zone by 
leaching and/or denitrification. The loss of N from the root zone can also have large economic 
implications, valued at a US $ 15 billion annually fertilizer, along with environmental consequences such 
as nitrate pollution of ground water and eutrophication of surface waters. Management of nitrification by 
the application of chemicals is presently one of the few strategies available for improving N recovery, 
agronomic N-use efficiency (NUE) and limiting environmental pollution in some crops.  
Suppression of soil nitrification has been observed to occur naturally in some ecosystems, termed 
biological nitrification inhibition (BNI) indicating that the inhibition originated from the plants in the 
ecosystem. The conservation of N and the resulting improved N status through BNI (this type of 
nitrification inhibition) is hypothesized as the driving force for the development of low-NO3- ecosystems. 
Some recent studies suggest that certain grass populations are able to influence nitrification in soil. 
Several researchers based on empirical studies also indicated that some tropical pasture grasses possibly 
inhibit nitrification. However, the concept remained largely unsupported because it was not feasible to 
conclusively demonstrate in situ inhibition of nitrification by chemicals released in the plant-soil system, 
due to lack of an appropriate methodology.  
Recently, an assay using recombinant luminescent Nitrosomonas europaea has been developed at 
JIRCAS, Japan that can detect and quantify nitrification inhibitors released in the root zone. The present 
investigation was aimed at quantifying the inter- and intra-specific variability in BNI from various plant 
species, including pastures and field crops. This study focused primarily on BNI in tropical forage 
grasses, in particular Brachiaria species, considered to be well adapted to low-N environments of South 
American Savannas. A number of field crops were also included in the study to determine the likelihood 
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of the widespread occurrence of BNI, as published information is not available in relation to the 
distribution of BNI ability.  
The capacity to inhibit nitrification through the release of BNI activity from roots appears to be 
widespread among tropical pasture grasses such as Brachiaria spp. Among tropical pasture grasses, B.
humidicola and B. decumbens have the highest BNI activity released from their roots. Among the tested 
cereal and legume crops sorghum, pearl millet, and peanut showed some degree of BNI capacity. 
Substantial genotypic variability for BNI was found in B. humidicola germplasm. Several high- and low-
BNI genotypes were identified. Soils collected from high-BNI types showed little or no nitrification. This 
is in contrast to the soils from low-BNI types, which showed average nitrification (i.e. most of N in the 
soil converted to NO3-). The BNI activity from high-BNI type when added to soils showed a stable long-
term inhibitory effect on nitrification. The more BNI activity added to the soil the greater was the 
inhibitory effect on soil nitrification. The BNI activity from high-BNI types had a stronger inhibitory 
effect on the enzyme hydroxylamine oxidoreductase (HAO) pathway than on the enzyme ammonia 
monoxygenase (AMO) pathway of Nitrosomonas, whereas BNI activity from standard cultivar (which is 
a medium-BNI type) had similar inhibitory effects on both enzymatic pathways. Our results demonstrate 
that BNI may be widespread among plants with significant inter- and intra-specific variability. Thus, this 
genetically controlled BNI function could have the potential to be managed and/or introduced into pasture 
grasses/crops that do not exhibit the phenomenon via genetic improvement approaches that combine high 
productivity with the capacity to regulate soil nitrification.  
Screening for genetic variability in the ability to inhibit nitrification in accessions of B. humidicola 
M. Rondón1, M.P. Hurtado1, I.M. Rao1, C.E. Lascano1, G.V. Subbarao2, T. Ishikawa2 and O. Ito2
2TSBF-CIAT, Colombia; 2JIRCAS, Japan  
Ongoing collaborative research with JIRCAS, Japan, has shown that B.humidicola CIAT 679 (high 
biological nitrification inhibition [BNI] activity), B.humidicola CIAT 16888 (highest BNI activity) and 
Hybrid Mulato (intermediate NI activity) inhibits nitrification of ammonium and reduces the emission of 
nitrous oxide into the atmosphere. On the other hand, P. maximum CIAT 16028 does not have this 
property to inhibit nitrification.  Given these findings with B. humidícola accessions, and the fact that a 
range of inhibition of nitrification was observed among different tropical grasses, there is a need to 
determine the extent of genetic variation among the 69 accessions of B. humidicola that are part of CIAT 
germplasm bank.  This information will be extremely useful to develop screening methods to select 
genetic recombinants of Brachiaria grasses that not only are resistant to major biotic and abiotic stress 
factors but also can protect the environment.  Given the vast areas under B. humidicola in the tropics, 
reductions in net emissions of N2O could also have important environmental implications. 
The main objective was to quantify differences among 43 accessions of B. humidicola regarding the BNI 
activity of root exudates collected from plants grown under greenhouse conditions using infertile acid 
soil. Also we intend to test the relationship between nitrification inhibition and shoot and root production 
in terms of biomass. 
A sandy loam Oxisol from the Llanos (Matazul) of Colombia was used to grow the plants (1 kg of soil 
pot-1) under greenhouse conditions. A basal level of nutrients were applied before planting (kg ha-1): 40 
N, 50 P, 66 Ca, 100 K, 20 S and micronutrients at 2 Zn, 2 Cu, 0.1 B and 0.1 Mo. A total of 44 accessions 
were used (accessions P. maximum CIAT 16028 and B. humidicola CIAT 679, 682, 6705, 6738, 16180, 
16181, 16182, 16183, 16350, 16867, 16870, 16871, 16873, 16874, 16877, 16878, 16879, 16880, 16883, 
16884, 16887, 16888, 16889, 16890, 16891, 26145, 26151, 26152, 26155, 26160, 26181, 26312, 26411, 
26413, 26415, 26416, 26425, 26427, 26430, 26438, 26570, 26573, 26638). A control without plants was 
also included.  The experiment was arranged as a completely randomized block design with four 
replications.  Each pot contained 6 plants to increase root biomass.  After sowing, plants were allowed to 
grow for 15 weeks and were cut to 10 cm height to simulate grazing effects under field conditions.
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NH4-N (nitrogen source was ammonium sulfate) was added in four applications: 40 kg N ha-1 added to the 
soil when filling the pots,  40 kg N at times 30, 60 and 90 days after planting. Four weeks later plants 
were harvested (at 16 weeks after sowing). At the end of the experiment, plants were carefully removed 
from soil minimizing mechanical damage to the roots. Soil adhered to the fine roots was removed and the 
roots were rinsed with deionized water. Once clean, the roots were fully submersed in 1mM NH4Cl for 1 
hour to trigger further BNI active compound exudation.  Then the roots were immersed in 500 mL 
deionized water during 24 hours. The root extract was subsampled and around 100 mL were sent to 
JIRCAS in liquid form and inside a Styrofoam container with ice packs to maintain them refrigerated for 
testing the BNI activity level. Another 100 mL was stored in the cold room as a backup until the BNI was 
measured and then was discarded. The final concentrate was tested for its nitrification inhibitory activity 
using a specific bioassay developed at JIRCAS. Harvested plants were separated into leaves, shoot and 
roots. Dry matter content and N status of leaves, shoot and root biomass was determined. At harvest time, 
soil samples were extracted with KCl and analyzed for nitrate and ammonium levels.  
Results on dry matter partitioning among shoot and root biomass from the comparative evaluation of the 
44 accessions are presented in Table 9. Significant differences were found in root biomass, stem biomass, 
leaf biomass and total biomass. The accessions CIAT 26425, 26438 and 26573 produced the highest 
values of total biomass while accessions CIAT 26427, 26312 and 16867 were lower than the rest of B.
humidicola accessions. The accessions CIAT 26438 and CIAT 26425 produced the highest root biomass 
among the tested accessions. Values of root biomass of those accessions were more than eight fold greater 
than the value for the lowest in the group, the accession CIAT 26312. 
Results from the bioassay indicated substantial level of genotypic differences in BNI activity in the root 
exudates of the accessions tested (Table 10).  BNI activity is expressed as AT units; one AT unit is 
defined as the inhibitory activity caused by the addition of 0.22 ?M of allylthiourea (AT) in the bioassay 
medium.  Thus, the inhibitory activity of the test samples of root exudates is converted into AT units for 
the ease of expression in numerical form. The tested B. humidicola accessions presented a range in BNI 
activity between 44.8 AT units pot-1 and 207 AT units pot-1, while the P. maximum 16028 exhibited 
lowest NI activity (0.55 AT units pot-1).  The highest values were observed with the accessions CIAT 
26573 and CIAT 16887.  However, lower values of AT units pot-1 were observed with the accessions 
CIAT 26312, CIAT 16890, CIAT 16884, CIAT 26413, CIAT 682, CIAT 16891 and CIAT 16880. No 
significant differences were found among the accessions CIAT 6705, CIAT 26430 and CIAT 16877 
which showed intermediate level of BNI activity.  The commercial cultivar, CIAT 679, which had been 
used in most of the previous work, presented similar values (66 AT units pot-1) to the accessions CIAT 
16883, CIAT 26155 and CIAT 16183.   
Results on BNI activity indicate that wide genetic variability exists among accessions of B. humidicola in 
relation to the effectiveness of root exudates to inhibit nitrification in soils.  This genetic variability for 
BNI activity could be exploited in a breeding program to select for genotypes with different levels of BNI 
activity. Accessions with superior BNI activity could be used as parents to regulate BNI activity in the 
genetic recombinants together with other desirable agronomic traits.   
Correlation coefficients between plant (shoot and root) attributes and total or specific BNI activity 
indicated that root biomass is negatively associated with specific BNI activity (r2 = -0.26) indicating that 
specific activity per unit root dry weight decreased with increase in root biomass. Total biomass (shoot + 
root) production also showed negative association with specific BNI activity (r2 = -0.17). As expected 
specific BNI activity showed strong positive association (r2 = 0.6) with total BNI activity. 
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Table 9. Dry matter partitioning differences among 43 accessions of B. humidicola grown in pots under 
greenhouse conditions. Plants were harvested at four months after planting. 
Dry matter (g pot-1)CIAT
Accession Number Root biomass Shoot biomass Root / Shoot Total biomass 
679 10.2 (3.26) 16.6 (2.36) 0.60 (0.13) 26.8 (5.50) 
682 7.90 (2.25) 8.60 (1.05) 0.92 (0.24) 16.5 (2.83) 
6705 4.73 (0.50) 9.32 (0.65) 0.51 (0.06) 14.0 (0.88) 
6738 6.80 (0.97) 8.90 (0.76) 0.76 (0.05) 15.7 (1.71) 
16180 7.30 (2.56) 6.94 (1.03) 1.11 (0.57) 14.3 (1.87) 
16181 4.88 (1.40) 14.0 (2.04) 0.36 (0.13) 18.8 (2.07) 
16182 5.33 (1.22) 9.51 (1.00) 0.57 (0.18) 14.8 (0.92) 
16183 3.75 (2.70) 14.1 (4.60) 0.25 (0.13) 17.8 (6.99) 
16350 3.96 (1.31) 9.99 (1.05) 0.40 (0.13) 13.9 (1.95) 
16867 4.42 (0.29) 3.35 (0.47) 1.35 (0.23) 7.77 (0.46) 
16870 7.42 (1.59) 6.60 (0.72) 1.12 (0.11) 14.0 (2.30) 
16871 7.43 (2.95) 12.9 (1.54) 0.60 (0.33) 20.3 (1.78) 
16873 4.85 (0.35) 10.7 (1.36) 0.46 (0.08) 15.6 (1.17) 
16874 6.52 (1.64) 7.68 (1.30) 0.86 (0.24) 14.2 (2.44) 
16877 8.77 (1.33) 6.55 (0.55) 1.34 (0.17) 15.3 (1.71) 
16878 4.81 (0.59) 7.94 (1.51) 0.62 (0.11) 12.8 (1.89) 
16879 6.85(0.88) 6.26 (1.04) 1.10 (0.11) 13.1 (1.85) 
16880 6.10 (1.06) 5.77 (0.65) 1.05 (0.10) 11.9 (1.63) 
16883 7.35 (1.00) 7.76 (0.70) 0.95 (0.10) 15.1 (1.52) 
16884 9.36 (1.48) 9.33 (1.19) 1.00 (0.07) 18.7 (2.60) 
16887 7.25 (0.34) 7.28 (0.50) 1.00 (0.05) 14.5 (0.79) 
16888 7.31 (0.84) 5.90 (0.73) 1.26 (0.21) 13.2 (0.92) 
16889 6.14 (1.22) 5.99 (1.58) 1.05 (0.23) 12.1 (2.48) 
16890 5.75 (0.62) 6.12 (0.96) 0.95 (0.14) 11.9 (1.33) 
16891 7.61 (0.47) 7.66 (1.15) 1.01 (0.18) 15.3 (1.31) 
26145 5.59 (1.05) 7.23 (0.73) 0.78 (0.19) 12.8 (1.14) 
26151 7.18 (1.17) 10.1 (1.11) 0.71 (0.05) 17.3(2.26) 
26152 5.22 (0.43) 8.04 (0.48) 0.65 (0.08) 13.3 (0.41) 
26155 5.25 (1.01) 16.0 (2.78) 0.33 (0.03) 21.2 (3.70) 
26160 5.40 (0.54) 9.06 (0.99) 0.60 (0.12) 14.5 (0.76) 
26181 6.40 (4.25) 19.9 (4.86) 0.35 (0.23) 26.3 (5.43) 
26312 1.65 (1.58) 8.25 (0.97) 0.19 (0.17) 9.90 (2.48) 
26411 4.74 (0.72) 8.27 (2.04) 0.60 (0.16) 13.0 (2.50) 
26413 5.21 (1.17) 10.1 (2.10) 0.53 (0.17) 15.4 (2.50) 
26415 9.63 (2.27) 17.2 (2.58) 0.56 (0.07) 26.8 (4.69) 
26416 6.21(0.91) 8.09 (0.39) 0.77 (0.14) 14.3 (0.64) 
26425 13.3 (5.76) 18.6 (9.99) 0.91 (0.51) 31.9 (6.30) 
26427 4.28 (0.64) 5.87 (0.94) 0.74 (0.17) 10.2 (1.16) 
26430 6.36 (0.82) 4.66 (1.06) 1.46 (0.55) 11.0 (0.52) 
26438 14.6 (1.73) 16.3 (0.85) 0.89 (0.08) 30.8 (2.46) 
26570 7.87 (2.42) 9.27 (1.46) 0.84 (0.13) 17.1 (3.83) 
26573 12.2 (4.25) 17.8 (4.58) 0.75 (0.38) 30.1 (3.41) 
26638 3.75 (2.25) 9.15 (5.45) 0.47 (0.17) 12.9 (7.59) 
Panicum maximum CIAT 16028 11.5 (4.26) 15.6 (2.02) 0.75 (0.28) 27.1 (4.75) 
LSD 2.69 3.44 0.30 4.13 
Numbers in parenthesis indicate standard deviation.  (LSD, p<0.001) 
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Table 10. Nitrification inhibitory activity (total BNI activity pot-1) and specific activity (AT units g root dwt-1) of the 
root exudates from 43 accessions of B. humidicola grown under glasshouse conditions.  Plants were grown for four 




(in AT units pot-1)
Specific BNI activity 
(in AT units g root dwt-1)
679 66.4 (0.48) 6.83 (0.05) 
682 53.4 (16.0) 7.54 (3.85) 
6705 151.0 (26.1) 32.0 (4.59) 
6738 113.0 (25.7) 17.2 (5.23) 
16180 71.4 (10.1) 10.4 (2.55) 
16181 80.9 (0.57) 17.6 (0.12) 
16182 105.0 (30.9) 20.1 (5.19) 
16183 65.9 (0.27) 13.6 (0.06) 
16350 107.0 (38.2) 29.7 (13.6) 
16867 70.3 (6.50) 15.9 (1.16) 
16870 80.6 (19.9) 11.1 (3.10) 
16871 94.6 (0.26) 13.9 (0.04) 
16873 112.0 (66.0) 23.5 (14.4) 
16874 130.0 (84.1) 21.7 (15.0) 
16877 151.0 (50.5) 16.9 (4.65) 
16878 105.0 (33.3) 22.6 (9.89) 
16879 70.4 (9.51) 10.4 (1.46) 
16880 44.8 (14.1) 7.56 (2.90) 
16883 68.3 (26.8) 9.32 (3.51) 
16884 60.0 (31.2) 6.26 (2.88) 
16887 195.0 (66.0) 27.1 (10.0) 
16888 174.0 (33.9) 24.2 (6.17) 
16889 136.0 (45.8) 21.8 (4.38) 
16890 60.4 (17.6) 10.5 (2.66) 
16891 60.0 (21.8) 6.74 (2.79) 
26145 95.8 (29.0) 17.5 (5.78) 
26151 124.0 (23.8) 17.9 (6.38) 
26152 141.0 (35.9) 27.1 (6.52) 
26155 67.9 (0.31) 13.0 (0.06) 
26160 70.9 (38.0) 12.7 (5.75) 
26181 93.5 (0.25) 20.6 (0.06) 
26312 62.4 (0.63) 21.4 (0.21) 
26411 118.0 (43.4) 24.6 (7.04) 
26413 56.3 (19.8) 11.0 (3.55) 
26415 93.3 (0.32) 9.26 (0.03) 
26416 128.0 (24.4) 20.5 (1.74) 
26425 71.6 (0.84) 6.42 (0.08) 
26427 93.6 (40.3) 24.2 (11.5) 
26430 151.0 (15.3) 24.1 (5.12) 
26438 93.5 (0.07) 6.53 (0.01) 
26570 168.0 (11.5) 22.6 (5.99) 
26573 207.0 (3.21) 24.3 (0.38) 
26638 93.0 (0.48) 19.9 (0.10) 
Panicum maximum 0.55 (0.02) 0.07 (0.00) 
LSD  42.15 8.15 
Numbers in parenthesis indicate standard deviation.  (LSD, p<0.001) 
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The presence of substantially higher levels of BNI activity in the root exudates of two CIAT accessions 
(26573 and 16887) draws attention to the need to study these accessions in more detail to understand the 
BNI phenomenon. As a continuation of this work, we have assembled a set of 23 accessions of B. 
humidicola to conduct a study to test the genetic diversity in BNI in a single experiment under similar 
growing conditions and analyses of BNI. The B. humidicola breeding program at CIAT has generated a 
hybrid population and this population will be useful to analyze the tradeoffs of BNI in terms of the 
relationships among productivity, forage quality and BNI activity. 
Screening of 43 accessions of B. humidicola for specific and total biological nitrification inhibitory (BNI) 
activity resulted in quantifying genetic diversity in BNI and in identifying contrasting accessions with 
very high (CIAT 26573) and low BNI activity (CIAT 16880). Root biomass production showed negative 
association with specific BNI activity.  
Field validation of the phenomenon of biological nitrification inhibition from Brachiaria humidicola 
M. Rondón1, M.P. Hurtado1, I.M. Rao1, C. E. Lascano1, G.V. Subbarao2, T. Ishikawa2 and O. Ito2   
2TSBF-CIAT, Colombia; 2JIRCAS, Japan  
A range of Biological Nitrification Inhibition (BNI) activity has been observed for diverse accessions of 
B. humidicola and other tropical grasses under glasshouse conditions, as part of collaborative research 
between JIRCAS and CIAT.  As a continuation of these research efforts, a long term field experiment was 
planned to validate the phenomenon of BNI under field conditions and test the hypothesis that the BNI 
activity is a cumulative factor in soils under species that release the BNI activity from root exudates.  
Given the vast areas that are currently grown with tropical grasses, an understanding of the BNI process 
and the possibility of managing it to improve nitrogen (N) use efficiency, reduce nitrate pollution of 
surface and ground waters as well as reduce net impact on global warming through reduced emissions of 
nitrous oxide, could have potentially global implications.  Various tropical grasses showing a varying 
degree of BNI activity were selected for the experiment and a soybean crop and a tropical grass (P. 
maximum) that lacks the BNI activity were selected as controls.   
The field experiment was initiated in September 2004 at CIAT-HQ at Palmira, Colombia on a fertile 
clayey Vertisol (pH 6.9), and with an annual rainfall of 1000 mm and mean temperature of 25 °C.  Two 
accesions of B. humidicola were used: the commercial reference material CIAT 679, which has been used 
for most of our previous studies, and the high BNI activity B. humidicola accesions CIAT 16888. The 
Brachiaria Hybrid cv. Mulato was included for having moderate BNI activity and Panicum maximum var. 
common was used as a negative non-inhibiting control. Soybean (var. ICAP34) is also used as a negative 
control due to its known effect on promoting nitrification. A plot without plants is used as an absolute 
control.
Treatments were placed in plots of 10 m x 10 m with three replications and distributed in a completely 
randomized block design. Soybean was planted from seeds and the grasses were propagated from 
cuttings. Soybean was inoculated with the Rhizobium strain CIAT 13232 to favor biological N fixation. 
Irrigation was provided to the field as required and two applications of broadcast fertilization were made 
at 30 and 60 days after planting on each plot, except within two 1 m2 subplots demarcated in each plot, 
where the same levels of fertilizer were applied in solution to favor a more homogeneous distribution of 
the applied nutrients within the soil. Each application consisted of an equivalent dose of (kg ha-1): 48 N, 
24 K, 8 P, 0.2 Zn, 0.2 B. The N source was ammonium sulfate. Weed control was done using Glyphosate 
in the bare soil plots and in the soybean plots before planting.  During the soybean growing cycle manual 
weeding was done in such plots. 
At harvest, soybean plants including roots were removed from the field when they had reached full 
maturity and the grain was already dry. The plants were separated into roots, shoots and grain, and a 
representative subsample taken for measuring dry matter content and N analysis.  Plants of P. maximum
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were cut at approximately 20 cm height twice during the crop cycle.  From each cut a representative 
subsample collected for dry weight and N analysis.  The Brachiaria Hybrid cv. Mulato was cut at 20 cm 
height while the B. humidicola accessions were cut at 10 cm height.  Similar procedure used for cv. 
Mulato was used for P. maximum. At harvest time, soil was carefully collected in the rizhopane of all 
species with an auger from the top 10 cm of the soil within each subplot. Five samples were collected in 
each subplot and pooled to obtain a composite sample.  Samples were carefully managed and only the soil 
adhered to the roots was removed and used for soils analysis. Once the rhizosphere soil was collected, it 
was allowed to air dry and then was finely ground to <1 mm mesh. Soil was analyzed for nitrate and 
ammonium content using KCl extracts and colorimetric determination. Gas samples for measuring N2O
fluxes were collected monthly.   
So far four soybean crops have been harvested (March and August, 2005; February and July, 2006).  In 
this report we present the data collected during the fourth cropping season, nitrification rate, nitrate  
accumulation in the soil (Ion exchange resins), the net fluxes of N2O and nitrate and ammonium levels in 
the top soil (0–10 cm) after fertilizer application.  Figure 6 shows the differences in total shoot biomass 
harvested during the fourth crop cycle (March – July 2006). The results between treatments presented 
significant differences (LSD, p<0.001). Total shoot biomass yields of P. maximum and the B. humidicola 
accessions were similar but greater than that of the biomass from cv. Mulato and soybean. The decreased 
vigor of cv. Mulato was found to be due to reduced N availability in soil. Soybean had a total shoot 
biomass markedly lower than that of B. humidicola 679 and B. humidicola 16888. The growth of the B.
humidicola accessions had been stimulated with the ammonium sulfate application as N source. 
Figure 7 shows total shoot biomass accumulated from the experimental plots. Total shoot yield of P.
maximum and the cv. Mulato was significantly higher than that of soybean and the 2 accessions of B. 
humidicola (LSD, p<0.001).  
Total N uptake by different species showed significant differences (LSD, p<0.001) (Figure 8). Soybean 
and P. maximum accumulated considerably more nitrogen than cv. Mulato and the 2 accessions of B.
humidicola. The B. humidicola plots removed less N than what is being added as fertilizer. 
The grain yield of soybean was similar to the first and second cropping seasons (1.4 Mg ha-1) which was 
slightly lower than that of the commercial average in the region. 



























 Figure 7.  Total dry biomass production over the period of September 2004 and July 2006.  
Figure 8. Total shoot nitrogen uptake for the period September 2004 and July 2006. 
Soil ammonium and nitrate.  Results on the nitrate levels in the top soil at harvest time showed significant 
differences (LSD, p<0.001) (Figure 9). The soybean plot showed higher levels of nitrate more likely as a 
result of lack of plant N uptake.  The Bare soil and P. maximum also had high levels of soil nitrate, while 
the B. humidicola accesions clearly showed lower nitrate concentrations.  The lower N uptake by two 
accessions of B. humidicola suggests a lower rate of nitrification with these two grasses or alternatively 
higher nitrogen losses. The ratio of NH4/NO3 in soil over time showed that B. humidicola 16888 had 
higher values after 20 days of fertilizer N application (Figure 10). Hybrid Mulato maintained the values 
over time compared with bare soil and P. maximum.
Nitrate accumulation in the soil (Ion exchange resins). Immediately after the second fertilizer application 
in June 2006,  Ion exchange resins (Western AG, Canada) were inserted vertically in the soil to a depth of 
10 cm. Four anion exchange units were randomly distributed in each experimental subplot.  Resins were 
collected 7, 14 and 29 days after fertilize, adhered soil carefully removed with a brush and resins 
extracted with 1M KCl. Analysis of nitrate was done on the resin elution solution. Results on the amounts 
of nitrate adhered to the nitrate resins showed significant differences (LSD, p<0.001) (Figure 11). Seven 
days after fertilizer application, the soybean and bare soil plots showed higher levels of nitrate 
accumulated as a result of lack of plant N uptake. The P. maximum and Hybrid cv. Mulato also had high 
























































showed lower nitrate concentrations. After fertilization and with the course of the days, the nitrate levels 
decreased gradually. Nevertheless, the accesions of B. humidicola showed lowest of NO3-N at 7, 14 and 
29 days after fertilizer. 
With the purpose of establishing the time at which the maximum levels of nitrate, nitrite and nitrous oxide 
occur in soil, the soil was fertilized and a continuous sampling was made during 44 days. In Figure 12 we 
show that a day after fertilizer application, the maximum concentration of nitrate was observed. The 
average levels of nitrate were increased from 6.12 mg kg-1 NO3-N (before fertilizer application) to 12.90 
mg kg-1 (1 day after fertilizer application). It is important to emphasize that the 2 accessions of B. 
humidicola exhibited lowest values of nitrate in the top soil. 
Figure 9. Nitrate levels in the top soil (0-10 cm) at harvest time of the fourth cropping cycle. 




















































































































Figure 11. Nitrate retained in ion exchange resins over a 7, 14 and 29 days period after fertilizer 
application.
Figure 12. Nitrate levels in the top soil (0 – 10 cm) after fertilizer application.
Nitrous oxide emissions. Results on the behavior of the net fluxes of N2O during 30 days after fertilizer 
application (March 31 – May 4, 2006) are shown in Figure 13. The highest concentrations were obtained 
at 1 and 3 days after fertilizer application while the lowest concentrations were observed at 20 days after 
fertilizer application. The fluxes were highest in the bare soil plots. These results support the view that B.
humidicola is effectively inhibiting the nitrification process. However, P. maximum also showed lower 
net emissions of N2O but this may be attributable to the much higher nitrogen uptake by the plants which 
may limit the total amounts of N available for nitrification, assuming that the grass is able to take up N 
















































































































































Hybrid Mulato Bare soil B.h.679 B.h.16888 Panicum maximum Soybean
Figure 13. Net fluxes of N2O during 30 days after fertilizer application. 
Soil nitrification rates. Fresh rhizosphere soil was incubated to assess its mineralization rates during 30 
days after fertilizer application. Soil samples were incubated with appropriate levels of ammonium and 
phosphate to favor nitrification. Chlorate was added to block the conversion of nitrite to nitrate and to 
measure rate of nitrite accumulation over time. Rate of nitrite accumulation was easier to measure than 
nitrate accumulation. Results presented in Figure 14 from the incubation test showed significant 
differences (LSD, p<0.001). Soybean showed stimulatory effect on nitrification while bare soil subplots 
presented the highest value of nitrification rate. P. maximum (no BNI activity) showed high levelof NO2-
N formation per day while cv. Mulato (intermediate BNI activity), B. humidicola 679 (high BNI activity) 
and B. humidicola 16888 (highest BNI activity) showed lower rates of nitrification. 
Nitrate to nitrite ratio values in soil showed that the values were markedly higher with the bare soil 
treatment and were lower with the two B. humidicola accessions (Figure 15). These data also indicate 
greater inhibition nitrification by B. humidicola accessions.  






























































Figure 15. Nitrate to nitrite ratios in soil. 
This field study after four cycles of analyses for BNI activity indicated that nitrification rates were lower 
with the two accessions of B. humidicola than the accession of P. maximum. The soil incubation method 
used for this study to estimate nitrification rates seem to be highly sensitive to detect even small 
differences in nitrification rates among the grasses.  Further work is in progress to test the usefulness of 
this soil incubation method to quantify genotypic differences in BNI so that this method could be used as 
a screening method to quantify BNI among Brachiaria hybrids.  
Soil microbial population analysis by Real-Time PCR to study Biological Nitrification Inhibition 
(BNI) activity of crops 
D.E. Moreta1, A. Salcedo1, M. Ishitani1, M.P. Hurtado2, M. Rondón2, I.M. Rao2 and C. Lascano3
1SB-2 Project, CIAT; 2TSBF-CIAT, Colombia; 3IP-5 Project, CIAT 
In soil, nitrogen (N) available to plants in the form of nitrate (NO3-) does not bind to soil particles due to 
its negative charge. Therefore, this form of N is highly susceptible to leaching and thereby it is lost from 
the system. Nearly 70% of the N fertilizer applied to agricultural soils is lost due to the nitrification 
process (oxidation of the relatively immobile ammonium - NH4+ - into the highly mobile nitrate - NO3- -
N). In the same way, the loss of N from soil to the atmosphere in the form of other compounds, cause a 
negative impact on the environment by contributing to worldwide global warming and the greenhouse 
effect. Moreover, the soil N that is lost by leaching and/or denitrification can be substantial, which 
promotes pollution of ground water.  
For these reasons, it is imperative to identify natural compounds that inhibit the nitrification process, 
which is carried out by soil nitrifying microorganisms including Archaea. In collaboration with JIRCAS 
of Japan, CIAT found that Brachiaria humidicola has the ability to suppress the activity of specific 
nitrifying microorganisms (bacteria and Archaea) by releasing inhibitory compounds from its roots to the 
soil. The inhibitory effect was mainly demonstrated by a bioluminescence assay using root exudates 
which will give indirect evidence for the phenomenon. To demonstrate direct evidence of the BNI 
phenomenon in soil, we report here the implementation and standardization of a Real-Time PCR 
technique to monitor microbial populations in soil, which allows us to study direct effects of roots 
exudates of several crops on the soil microorganisms involved in the nitrification process.  
Soil samples used in this report were collected from the field study at CIAT-HQ (see Activity 3.4.3). The 
field has been used for BNI field work for three years, since 2004, and the work was partially supported 






































































humidicola 679, B. humidicola 16888 and bare soil (as a control). The soil sampling was done at the end 
of the 4th growing cycle of soybean and before and one day after nitrogen fertilization of the 5th growing 
cycle. The soil samples were taken from a depth of 10 cm from a 1 m x 1 m sub-plot for every treatment 
using a metal tube with one side open. The two soil samples were mixed and the soil DNA extraction was 
performed using a FastDNA SPIN kit for Soil (Q-BIOgene, USA) according to the manufacturer’s 
directions. Afterwards, the extracted DNA was quantified using the PicoGreen reagent and then was 
electrophoresed onto a 1% agarose gel to check its quality. 
Four target genes (bacteria and Archea amoA genes and 16S rRNA genes) were amplified using specific 
primer sets: amoA-1F/amoA-2R, amoA19F/amoA643R, BACT1369F/PROK1541R, and Arch 20F/Arch 
958R, respectively. These primers were demonstrated to be useful from published work. The amoA
primers were designed to amplify tamoA genes, which encode a subunit of the ammonia-oxigenase 
enzyme that is presumably involved in the nitrification process in ammonia-oxidizing bacteria and 
Archaea. The other primers were used to amplify 16S rRNA gene, which was used as an internal control 
to track the population dynamics of the ammonia oxidizing bacteria and Archaea populations in soil.  
To establish the PCR techniques for quantifing soil bacterial populations, we first generated standard 
curves to quantify the copy number of the target genes using gDNA from Nitrosomonas europaea for
amoA gene and Escherichia coli for 16S rRNA gene, and plasmid DNA with the specific DNA inserts for 
Archaea amoA and 16S rRNA genes (figures 16 and 17). There were strong linear (R2= 0.99) inverse 
relationships between Ct and the log10 number of amoA and 16s rRNA gene copies. This set a detection 
limit of gene copy numbers per DNA sample of interest in the reaction mixture. 
In addition, the TaqMan technique was also carried out as a preliminary experiment to evaluate the 
viability of the technique to amplify the bacteria 16S rRNA gene using a specific probe and the primers 
mentioned earlier (data not shown). A universal Tm was used for all the primers to reduce variability 
among samples as much as possible, but the primer concentration was specific for each primer set. The 
TaqMan technique also proved to quantify accurately the bacteria 16S rRNA (data not shown) and 
therefore can be used for further studies. 
Likewise, as we observed in Figure 18, the sharp fluorescence plot of the standard curve obtained from 
Real-Time PCR experiments will ensure an accurate quantification of the target genes. In addition, the 
fluorescence plot of the melting curve showed that specific PCR products are being obtained with the 
primers used, which gives more reliability to the experiment (Figure 19).  
Our results suggest that the PCR technique developed is precise and reproducible for monitoring soil 
bacterial populations. For the soil samples, we have isolated good quality DNA from the soil samples that 
were described above. Currently, we are implementing this technique along with a detailed statistical 
analysis to monitor effects of BNI in the field conditions on bacterial populations of ammonium oxidizing 
bacteria and Archaea.
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Figure 16. Standard curve generated from
E. coli gDNA to quantify the copy number 
of the bacteria amoA gene. 
Figure 17. Standard curve generated from
plasmid DNA to quantify the copy number 
of the Archaea 16S rRNA gene. 
Figure 19. Melting curve of PCR products 
using a primer set for Archaea 16S rRNA 
gene. The DNA template used for this 
experiment was a diluted plasmid DNA 
containing Archaea 16S rRNA. 
Figure 18. Fluorescence plot of PCR 
products of bacteria amoA gene using 
diluted Nitrosomonas genomic DNA  
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Output target 2007 
? Land use intensity impact on BGBD evaluated in seven tropical countries participating in the 
BGBD project 
Published work 
Moreira, F.M.S., Siqueira, J.O. and Brussaard, L. (Eds) (2006) Soil biodiversity in Amazonian and 
other Brazilian ecosystems, CABI Publishing, Cambridge, UK, 280 p. 
Abstract: The book reviews soil biodiversity in one the key biodiversity hotspots of the world, i.e. the 
Amazon and nearby regions of Brazil. It covers both the tropical savannah and the rainforest. The work 
presented is based on the Brazilian component of the project ‘Conservation and Sustainable Management 
of Below-ground biodiversity’, executed by TSBF-CIAT with co-financing from the Global Environment 
Facility (GEF) and implementation support from the United Nations Environment Programme (UNEP). 
The book presents a major contribution to the literature, to the interest of those involved with biodiversity 
conservation, soil science and ecology.  In nine chapters, biodiversity of following nine functional groups 
of soil organisms is described: soil macrofauna, earthworms, termites, ground-dwelling ants, soil 
mesofauna, nematodes, microfungi, arbuscular mycorrhizal fungi and nitrogen fixing leguminosae-
nodulating bacteria. Remaining chapters are for the description of soil and land use in the Amazon region 
and for discussing the key role of the Amazon in the quest for the conservation and sustainable use of 
biodiversity.  
Constantino1, R., Acioli2, A.N.S., Schmidt1, K., Cuezzo3, C., Carvalho1, S.H.C. and Vasconcelllos4,
A. (2006) A Taxonomic revision of the Neotropical termite genera Labiotermes Holmgren and 
Paracornitermes Emerson (Isoptera: Termitidae: Nasutitermitinae). Zootaxa 1340:1-44. 
1Depto de Zoologia, Universidade de Brasília, Brazil; 2PPG Entomologia, INPA, Manaus, Brazil; 
3Instituto Superior de Entomología Dr. A. Willink, San Miguel de Tucumán, Argentina; 4Depto de 
Botânica, Ecologia e Zoologia, Universidade Federal do Rio Grande do Norte, Natal, Brazil 
Abstract: The taxonomy of the South American termite genus Labiotermes Holmgren (sensu novo) is 
drevised, including identification keys to soldiers and workers, and distribution maps for all 10 species. 
Paracornitermes Emerson is treated as a new synonym of Labiotermes. Two new species are described: 
L. guasu, from the Amazon rain forest and L. oreadicus, from the Cerrado of central Brazil. 
Paracornitermes caapora Bandeira & Cancello and P. hirsutus Araujo are placed under the synonymy of 
L. orthocephalus. The images of L. emersion and L. orthocephalus are described for the first time. The 
workers of all species are described and illustrated, including the enteric valve armature and the mixed 
segment. The soldiers of the species previously included in Paracornitermes are redescribed. The revision 
of these genera is based partly on data obtained from the inventory of termites in the Amamzonian 
benchmark area of the BGBD project. Together with evidence form studies conducted elsewhere in Brazil 
the revision is proposed. 
Tondoh, Jérôme Ebagberin, Lazare Monin Monin, Seydou Tiho and Csaba Csuzdi (2006) Can 
earthworms be used as bio-indicator of land-use perturbations in semi-deciduous forest? Biology 
and Fertility of Soils, Springer Verlag.  
UFR des Sciences et de la Nature, Université d’Abobo-Adjamé, Ivory Coast; Systematic Zoology 
Research Group of HAS and Hungarian, Natural History Museum, Hungary
Abstract: The potential of tropical earthworms as bioindicators of forest degradation by human-induced 
activities was assessed at a landscape level in the Ivory Coast. The study site covered 400 ha and was 
characterized by a set of land-use types along a gradient of perturbation from semi-deciduous forest, 
through reforestation, fallow systems to cultivated annual crops. Samples were taken on a grid at each 
sampling point and earthworms were hand-sorted from a 25×25×30 cm soil monolith. Results showed a 
potential increase in relative populations (number: +53.1%, biomass: +94.8%) of species in the 
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earthworm communities following forest conversion. Furthermore, the impact of land-use change was 
higher in relation to land-use intensification in terms of earthworm populations and diversity in 
intermediate disturbed systems (Multispecies plantations, old fallows). Earthworm diversity was the most 
sensitive response to land-use change. The species Dichogaster saliens Beddard (1893), Hyperiodrilus
africanus Beddard (1891), Millsonia omodeoi Sims (1986), Dichogaster baeri Sciacchitano (1952), 
Dichogaster ehrhardti Michaelsen (1898), Agastrodrilus sp., Stuhlmannia palustris Omodeo and Vaillaud 
(1967) and, to some extent, Millsonia sp. appeared to be most sensitive to land-use change. More field 
and laboratory investigations are needed to find out the most efficient species to be used
Completed work 
Density and diversity of associative diazotrophic bacteria in soils under diverse land use systems in 
amazonia  
K. da Silva
Universdad Federal do Lavras  
Associative diazotrophic bacteria are among the important functional groups of microorganisms that live 
in soils. These bacteria contribute to plant growth mainly through biological N2 fixation. The aim of this 
work was to evaluate the density and diversity of associative diazotrophic bacteria Azospirillum spp., 
Azospirillum amazonense and Herbaspirillum spp., in soils under diverse land use systems (LUS) in 
Amazonia. Thirty soil samples at different LUS in Amazon region were collected in March, 2004: forest 
(6 points); young secondary forest (6 points); old secondary forest (1 point); crop (5 points); pasture (6 
points) and agroforestry (6 points). The density was evaluated in August 2004, with serial decimal 
dilutions (10-2 to 10-8) of soil samples to determine most probable numbers (MPN) in media: JNFb 
(Herbaspirillum spp); NFb (Azospirillum spp.); Fam and LGI (Azospirillum amazonense). Phenotypic 
diversity of isolates and strains were evaluated through cell morphology in optic microscope, cultural 
characteristics on potato and GNA media as well as protein profiles by polyacrylamide gel eletroforesis 
(SDS-PAGE), compared to type and reference strains of Azospirillum, Herbaspirillum and Burkholderia
species. No grown in JNFb was observed. In NFb medium the MPN increase in the following order: 
forest (2.1x102 bacteria g-1 soil); pasture (4.6x102 bacteria g-1 soil); secondary forest (8.0x102 bacteria g-1
soil); crop (18.2x102 bacteria g-1 soil) and agroforestry (22.4x102 bacteria g-1 soil). In Fam medium the 
MPN increased in the order: agroforestry (0.9x102 bacteria g-1 soil); forest (1.6x102 bacteria g-1 soil); 
secondary forest (1.9x102 bacteria g-1 soil); crop (3.7x102 bacteria g-1 soil) and pasture (11.2x102 bacteria 
g-1 soil). In LGI medium MPN increased in the order: agroforestry (1.3x102 bacteria g-1 soil); crop 
(2.7x102 bacteria g-1 soil); secondary forest (3.6x102 bacteria g-1 soil); forest (4.2x102 bacteria g-1 soil) and 
pasture (8.1x102 bacteria g-1 soil). Higher numbers were obtained in NFb medium (10.6x102 bacteria g-1
soil), followed by LGI (4.1x102 bacteria g-1 soil) and Fam (3.9x102 bacteria g-1 soil). Twenty-two isolates 
were obtained. Cell diameters varied from 0.55 to 1.11 ?m with rods or spirillum shapes. Twenty groups 
were obtained by cultural phenotypic characterization on potato medium (2 in forest, 2 in young second 
forest, 4 in crop, 4 in agroforestry and 9 in pasture) and GNA medium (2 in forest, 2 in young second 
forest, 4 in crop, 5 in agroforest and 9 in pasture). Protein profile through SDS-PAGE analysis showed 
diversity amongst isolates. The LUS affected the density of diazotrophic populations and these effects 
depend on the medium: soils under crop and agroforestry presented larger numbers in NFb medium; in 
Fam and LGI media pasture usually presented larger density. The LUS also affected the diversity of 
diazotrophics, soils under pasture presented larger number of cultural phenotypic characteristics. This is 
explained by the well known positive effect of grass rhizosphere on this group of organisms. 
Final Technical Report of the Project on Conservation and Sustainable Management of Below-
Ground Biodiversity in India.
A.N. Balakrishna, R.D. Kale, N.G. Kumar, B. Gowda, B.V.Reddy and K.T. Prasanna 
Department of Agricultural Microbiology, University of Agricultural Sciences, Bangalore, India 
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The research work carried out in the benchmark area, Koothy village of Somwarpet taluk is located in the 
Kodagu district of Karnataka. This bench mark area is situated very close to the Nilgiri Biosphere 
Reserve at the northern region and lies between 120 401 0311 N – 120 421 1911 N and 750 471 1011 E – 
750 791 1411 E. The annul rainfall of the area ranges from 2000 mm to 3500 mm. Most of the rainfall is 
drawn from southwest monsoon during June-August period. The temperature begins to increase from 
March to April with a mean daily maximum of 28.6 °C and a mean daily minimum of 17.8 °C. The 
temperature on some days might be as high as 32 to 35 °C during April or May. The daily lowest 
temperature of around 9 °C is recorded during the month of January. Coffee and cardamom plantations 
cover major part of the study area. The natural forests are found in the periphery of the plantations, which 
are evergreen with varying levels of degradation. A few patches of Acacia auriculiformis plantations
(monoculture) and grassy blanks are found adjacent to the forests. Rain-fed agriculture is practiced in the 
valleys with one paddy crop every year during the rainy season. Additionally, crops like chilly and short 
duration grain legumes are also grown in summer utilizing the residual moisture and sparse rainfall of 
northeast monsoon.  
Land use / Land cover mapping 
Satellite data (IRS-D-LISS III data of the year 2000, path 98 and row 64) was interpreted to prepare land 
use/land cover map of the study area at 1:50,000 scale. Hybrid classification approach was adopted. A 
mask was created for almost non-overlapping classes (viz., agriculture areas and vegetated areas) obtained 
from unsupervised classification (which algorithm??). The vegetated areas are further classified into 
forests, grasslands, coffee/cardamom plantations and forest tree plantations by supervised classification 
(maximum likelihood classification algorithm). The outputs obtained from unsupervised and supervised 
methods were merged to get the hybrid output. Classified output was draped over Digital Elevation 
Model, misclassified patches identified and necessary corrections were incorporated. Six land use–land 
cover types could be distinguished in the study area. They are natural forest, grasslands, acacia 
plantations, coffee plantations, cardamom plantations and paddy fields. 
A 200 m grid was overlaid on the map and 60 intersection points were sampled for 
aboveground/belowground biodiversity studies. The sample points identified on the map were reached in 
the field using handheld Garmin 12, Geographical Positioning System. A total of 60 sample points were 
distributed in two windows of size 6.4 km2 (4 x 1.6 km) and 0.8 km2 (0.4 x 2 km) so as to cover all the 
above said land cover types. Fifty three sample points were distributed in the first large window and seven 
points in the second small window. Stratified sampling technique was adapted and two windows were 
selected, because the first large window that was selected did not have enough natural forests, grasslands 
and Acacia plantations. Hence, additional window in the study site was selected to cover the required land 
use types. The sample points were laid in the intersection point of the windows and were located in the 
ground using hand held Garmin 12 GPS. These intersection points at which sampling could not be done 
due to the presence of a natural obstruction (presence of a tree, stone/water body etc.) were skipped and 
the next sampling was done in the next intersection point.  
Population of different functional groups 
The population of Azotobacter and P-solubilizing microorganisms was much higher in natural forests 
except for AM fungi in terms of infective propagules and legume root nodulating bacteria in the pre-
monsoon season (Table 11). In grasslands the number of infective propogules of AM fungi, the 
population of legume root nodulating bacteria (LNB) and Azatobacter showed a similar trend as in natural 
forests, whereas no such variation was observed between two seasons for the other groups. In Acacia 
plantations, LNB were high in the pre-monsoon season than in the post monsoon season.  
But Azatobacter & P-solubilizers showed a low degree of density, while the population of LNB and AM 
fungi were at very high levels. A similar trend in the population of studied microbial groups was observed 
in coffee and cardamom plantations and paddy fields as that of natural forests.  
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The density of population of Azatobacter is influenced both by the season as well as by the above ground 
diversity. The total diversity of trees, shrubs and herbs, which is maximum in natural forests has 
supported, highest population of Azatobacter colonies followed by cardamom and coffee plantations. The 
grasslands, Acacia plantations and paddy fields that exhibited a poor diversity in the aboveground 
vegetation has very low density of Azotobacter. The population of Azotobacter has remained at a high 
level during the premonsoon season compared to the post-monsoon season. 
The population of P-solubilizing fungi and bacteria has shown to be in very low levels in all the 
ecosystems other than the natural forests. Only in natural forests, the influence of seasons is well 
established unlike in other ecosystems. In the study site area, the social forests, agricultural and fallow 
lands are not supportive of the establishment of this group and it requires further investigations to 
understand their ecology In case of arbuscular mycorrhizal (AM) fungi, the pattern of colonization has 
remained more or less the same in all the ecosystems except in paddy where the levels are very low and 
not much variation is observed with respect to seasons. The spore density was found to be higher during 
both the pre and post-monsoon seasons in grasslands and Acacia plantations and was less than 50% of the 
density observed in all the other ecosystems irrespective of the seasons. The infective propogules were 
also more in Acacia plantations and least in paddy ecosystems. The above ground diversity seems to have 
much influence on the population of AM fungi rather than the soil structure.  
The effect of season is more pronounced on legume nodulating bacteria in Acacia and coffee plantations 
where their maximum density was observed in the pre-monsoon season while it was in the post-monsoon 
season, very low density of this group was observed in the natural forests. Their density could be 
associated with the above ground legume plants that could promote the symbiotic association. But, the 
correlation for this factor is non-significant. 
Earthworms that form the major soil macro fauna were found to be of least importance in pre-monsoon 
season and the collection had a very few earthworms of species of Pantoscolex corethrurus and some 
immature stages of the genus Drawida. Because of this, data is not reported for the pre-monsoon season. 
However, in the post-monsoon season 17 species of earthworms were collected from different 
ecosystems. The maximum species diversity and highest density of earthworms were recorded in coffee 
plantations followed by natural forests. The earthworm activity, their density and diversity were 
independent of the micro floral distribution in the representative ecosystems included in the study. No 
correlations could be drawn between the two groups except for LNB. Similarly, maximum distribution of 
earthworms during this season was restricted to 0-10 cm followed by 10-20 cm depth and very few 
earthworms were collected at 20-30 cm depth.  
The litter feeders and organisms inhabiting ‘O’ horizon were predominant in the postmonsoon than in the 
pre-monsoon season. As in case of earthworms, the highest density and maximum diversity of litter 
organisms were found in coffee plantations. The litter cover of the highly diversified above ground flora 
in coffee plantations seems to be the preferred habitat for earthworms and litter fauna. The post-monsoon 
season having a moisture level suitable for their activity showed maximum diversity and density of 
earthworms and litter fauna. The soil fauna other than the earthworms were higher in 0-10 cm depth and 
their density and diversity was higher in coffee plantations in the pre-monsoon season. 
This was followed by cardamom plantations and natural forests. The population density and diversity of 
these invertebrates in paddy fields were on par with coffee plantations. Least populations of these 
organisms were found in grasslands and Acacia plantations.  
The study suggests that the soil faunal structure changes with the seasons and soil invertebrates other than 
earthworms; especially different groups of arthropods with impervious cover and smaller body size were 
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predominant in the dry season. The soft bodied earthworms without protective body cover and soft-
bodied arthropods were predominant in the post-monsoon period. In general, the itinerary of soil 
community structure at the study site has provided scope to judiciously modify the community structure 
to suit to promote low input agriculture. 
Correlation between physical and chemical characters and functional groups 
The physical and chemical composition of the soil at the study site and the phosphatase activity in the soil 
samples as a biochemical parameter were considered to relate the different groups of organisms in the 
community to the existing edaphic factors (Table 12). It was found that AM fungi and Azatobacter in the 
pre-monsoon season showed significant positive correlation to organic carbon content of the soils 
whereas soil and litter invertebrates other than the earthworms showed a negative correlation to the 
organic carbon content whereas the population of earthworm was unaffected. The earthworms showed 
significant positive correlation to clay and silt content and negative correlation to the sand content that 
was not statistically significant.  
The existing earthworm population is highly influenced by the soil structure. Similarly, the other 
invertebrates showed positive correlation to clay and silt content and significant negative correlation to 
sand content. P-solubilizers and Azatobacter exhibited a significant positive correlation to sand content 
and negative correlation to clay and silt content. The results clearly show that these two groups require 
well aerated soils with high level of organic carbon for their existence and activity. Unlike as in case of P-
solubilizers, the bulk density also affected the colonization of Azatobacter and seasons seems to influence 
this relationship. Similarly, the influence of seasons on the response of invertebrates other than 
earthworms to bulk density is observed in this study. Legume nodulating bacteria are unaffected by the 
organic carbon content or the other soil physical properties other than the clay content that showed 
significant positive correlation in the pre- monsoon season and bulk density that showed significant 
negative correlation in the post-monsoon season.  
The N levels in soils has significant positive influence on P-solubilizers, LNB and soil invertebrates other 
than earthworms in post-monsoon season and negative effect on Azatobacter. This is an indication to 
show that Azatobacter fails to establish itself in soils having high levels of inorganic N and thus the 
natural process of N-fixation is adversely affected. Just as Azatobacter is affected by high levels of N, P-
solubilizers as well as Azatobacter are negatively affected by the total and available- P in the soil. Other 
than the highly positive response of LNB, the other microorganisms are unaffected by levels of K. The 
earthworms and other soil invertebrates have positive relationship with K levels in soils. As these 
organisms depend on highly degraded plant material, the K in the degraded matter at different levels of 
decomposition could be associated with this correlation. 
From this correlation study, it is clear that the soil structure is responsible for the diversity and abundance 
of soil invertebrates and chemical properties for the abundance of important functional groups of 
microorganisms like N-fixers and P-solubilizers. The symbiotic groups like LNB are not directly affected 
by the edaphic factors. 
Correlation between different functional groups 
The inter-relationships of different functional groups are tested by using correlation matrix (Table 13). 
The results have shown that these relationships among different groups are significantly negatively or 
positively correlated depending on the seasons and in some cases no such relationship was observed. The 
establishment of AM fungi is negatively affected by P-solubilizers and LNB in the post-monsoon season 
and by litter invertebrates in the premonsoon season. The P-solubilizers, N-fixing Azatobacter and LNB 
exhibited a positive relationship. LNB have a highly significant association with earthworms. Earlier 
studies carried out in our laboratory have shown such a stimulatory effect on nodulation in cowpea seeds 
treated with the coelomic fluid of earthworms and grown in pots amended with vermincompost. 
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(Unpublished data). Thus, burrows of earthworms coated with their body fluid under field conditions may 
have stimulatory effect on LNB. The other soil invertebrates and litter fauna show stimulatory effect only 
on Azatobacter and they also have a positive correlation with earthworm populations. Such observations 
have also been made under green house conditions. 
Correlation between the above ground and belowground biodiversity 
The above ground flora mostly has a positive influence on soil micro flora whereas a significant influence 
of tree population on earthworms is observed. The other soil invertebrates are not much affected or 
negatively affected by the above ground flora (Table 14). 
Benchmark Survey of the Study site village 
The overall objective of the benchmark survey of the study site village Koothy in Somwarpet, Coorg 
district, Karnataka was to document farmers’ present status of agricultural activities, their land holdings, 
livestock, economics of major crops/activities, resource inventory, their present farming practices related 
to BGBD, farmers awareness about BGBD etc. 
The data for the benchmark survey was collected through a pre-tested structured schedule from a random 
sample of 60 out of 160 farm families of the study village. Sample respondent farmers were post 
classified as small, medium and large farmers based on their landholdings.  
A farmer with a landholding of less than 2 ha was considered as a small farmer, farmers with farm size 
between 2 ha and 4 ha were treated as medium farmers and those farmers who had land holdings more 
than 4 ha were reckoned as large farmers. The data were analyzed using simple statistical measures such 
as measures of central tendency (mean etc.), chi-square test etc.  
The geographical area of Koothy village is about 962 ha. Agriculture accounts for about 68% of the total 
village area compared to 19% of forest area. More than 90% of the village population is directly 
dependent on agriculture for their livelihood. The study region comprises of mostly marginal and small 
farmers who constitute more than 40%, but the aggregate area owned by them was disproportionately 
lower. There is a greater inequity in the distribution of land holdings in the study area.   
Livestock in the study village largely comprises of cows (23.23% of total livestock population), buffaloes 
(10.97%) and poultry (51.77%). Animal husbandry is not a major economic activity due to high level of 
humidity and low milk yield. Major crops in the study village are paddy and horticultural crops including 
plantation crops. Paddy, the staple food crop, occupies about 24% of the total net cropped area. 
Horticultural crops like chilies and other vegetables occupy significant area especially during the summer 
season. The study region is home for plantation crops like coffee, cardamom, pepper etc. The literacy 
level in the village is very high as more than 90% of the population as well as sample farmers have formal 
education. The mean literacy level of the farmers who have awareness about BGBD and those who do not 
have any awareness was almost the same. Most of the respondents were young farmers whose age was 
about 30 years. The major occupation of the respondents is agriculture and about one third of the families 
are engaged in agricultural wage labour.  
The average annual income of the farmers who have awareness about BGBD is higher (Rs. 61589) than 
those who do not have awareness about BGBD (Rs. 54304). Out of 60 sample respondents, about 42% 
were small, 28% medium and 30% large farmers. The average size of land holding of small farmers is 0.9 
ha while that of medium and large farmers is 1.5 and 4.35 ha, respectively. More than half (68.33%) of 
the farmers owned coffee plantations. About 48% of the farmers owned cardamom plantations. About 
13% of the farmers owned both coffee and cardamom plantations in the study area.   
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It is surprising to note that only 45% of the respondents have some knowledge and awareness about 
BGBD and their uses. The remaining 55% of the respondents do not have awareness about BGBD. In 
general, the farmers know the existence of various types of BGBD and some of them could identify their 
beneficial as well as harmful roles. The low awareness of BGBD among the farmers could largely be 
attributed to lack of sensitizing/extension programmes on the part of the developmental departments on 
BGBD programmes. The farmers do not have much knowledge about the N- fixing organisms and 
organisms involved in nutrient cycling.  
The common BGBD practices followed by the farmers in the study area are composting, green leaf 
manuring etc. Incorporation of weeds into the soil is another practice commonly followed by them. 
Ploughing back paddy crop stubbles and residues to the soil is another major BGBD practice followed.  
The major reasons for non-adoption of BGBD practices by the farmers are lack of awareness of GBD, 
their benefits, lack of technical know-how, non-availability of inputs locally and difficulty in the adoption 
of BGBD practices. 
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Table 11. Population density of above groung flora and soil biota in different land use types in year 2004 during pre and post-monsoon seasons.
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Table 12. Correlation matrix between the soil properties and functional groups.
Table 13. Correlation matrix between the functional groups.
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Table 14. Correlation matrix between belowground biodiversity with above ground biodiversity. 
Final Technical Report. Conservation and Sustainable Management of Below-Ground Biodiversity 
in the Kerala Part of the Nilgiri Biosphere Reserve - Phase I.  
U.M. Chandrashekara, B. Balasundaram, K.V. Sankaran, M.P. Sujatha, R.V. Varma, B.K. 
Senapati and M. Sahgal  
Kerala Forest Research Institute, Thrissur, Kerala, India. 
The benchmark site of the Project on Conservation and Management of Belowground Biodiversity 
(BGBD Project) established in the Kerala part of Nilgiri Biosphere Reserve, is located in the micro-
watershed of Chaliyar River. The study site covers land use systems such as primary forests, secondary 
forests, managed plantations, agroforestry systems and annual crop based systems. Among different 
landuse systems, the semi-evergreen forests with 67 tree species are rich in tree species diversity. These 
forest patches are free from human disturbance as indicated by the RISQ value (1.16) and closed canopy 
nature (LAI 4.24 to 4.92). On the other hand, moist deciduous forest patches are being repeatedly 
disturbed and trees of smaller girth classes are lesser than those of higher girth classes and the RISQ value 
is significantly more (3.83) than that in semi-evergreen forest patches. Forest patches closer to the 
agricultural lands are highly degraded with the total density and basal area of tree community is less than 
25% of that recorded in the semi-evergreen forests and 10% of that recorded in moist deciduous forests. 
Repeated extraction of poles and other biomass and grazing are responsible for the degradation of these 
patches. In the teak plantation, density and basal area of teak are significantly less in water-logged area 
than in uplands. Growth of teak in these plantations is in generally poor as indicated by the tree gbh which 
is less than 20% of the expected value for the trees of same age (25 year old). In tree- based cropping 
systems, tree density, basal area and species number vary from points to points depending on the crop 
combination, age of the farm and management practices adopted by farmers. When different subsystems 
of tree-based cropping systems are compared for the contribution of trees maintained for green leaf 
manure production to the total Importance Value Index (IVI) of tree community, the values are high in 
polyculture homegardens followed by polyculture farm lands. In many plantations, cultivation and 
management of green leaf manure species are totally absent.
Out of 171 vascular plant species recorded during the course of this study, 25 species are legumes. 
Wherever the contribution of leguminous shrubs is relatively more it is due to the growth of Cassia 
occidentalis and Desmodium gangeticum. On the other hand, wherever the contribution of leguminous 
herbs is relatively more it is due to the profuse growth of Mimosa pudica, Centrosema pubescens and 
Desmodium triflorum in poorly managed systems. In well managed systems generally Vigna unguiculata 
is being cultivated and thus it contributes much to the IVI of herb community. In case of cashew 
plantations with poor soil and exposed laterite blocks, D. triflorum (a leguminous herb) forms almost a 
thick carpet covering the soil. Further studies on the role of D. triflorum in soil and water conservation 
and soil fertility improvement are needed. 
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The moist deciduous forest located near human habitation are highly degraded and possess sparse 
vegetation and nutrient poor compact soil when compared to the similar kind of forests located away from 
the human habitation.  
Though these two forests are originally similar in terms of aboveground vegetation, the degraded forests 
showed relatively higher value for ant density and diversity. Thus ants, particularly Lobopelta sp. and
Leptogenys sp., could be considered as indicator species of forest disturbance. In the study area, majority 
of the current landholdings were under paddy cultivation about 252 years back. Thus, similarity in terms 
of belowground biodiversity between paddy fields and other land use systems derived from paddy fields 
could be pronouncing. However, absence of some of the soil faunal elements in certain land use systems 
recorded in the study area could be attributed to the differences in the crop combinations and management 
practices. For instance, low density of earthworm in annual crops and areca nut mixed with annual crops 
may be attributed to the excess use of inorganic fertilizers and pesticides. It may be pointed out here that 
among the endogeic worms Parryodrilus lavelee and Pontoscolex corethrurus showed maximum 
availability in a variety of land use patterns. It may also be concluded that since these two species have a 
wide tolerance to land use changes, they may be suitable for land restoration purpose. It may also be 
mentioned here that apart from the season of sampling, land use history, land use pattern, crop 
combination etc. the sampling technologies adopted decide the qualitative and quantitative information 
that can be obtained on each group of soil fauna. Thus the sampling technologies to estimate different 
faunal groups need to be standardized considering both the faunal group under study and the land use 
systems. 
In the study area, plantations of teak, rubber and cashew are located in almost similar terrain to that of 
moist deciduous forest. Moreover, age of these plantations ranged from 3 to 25 years and before that they 
too were representing either degraded or good moist deciduous forests. Comparatively high diversity of 
AM fungi in soils in cashew plantations, degraded forests and teak plantations than that in moist 
deciduous forests situated away from human habitation indicate that conditions in these soils are highly 
suitable for the proliferation of a host of mycorrhizal fungi. Though more studies would be required to 
arrive at any firm conclusions, the available data show that plant dependency on mycorrhiza is apparently 
more in highly degraded sites. 
In general, dependency of majority of the farmers in the study area on croplands for the livelihood is 
relatively low, either due to small size of the landholding or due to attractive economic return from their 
non- farming activities. Studies carried out in the cultivated lands also indicated that organic carbon, 
exchangeable calcium, magnesium and potassium were considerably lesser than the level required for the 
optimum crop yield. It was also recorded that the contribution of trees and understorey species maintained 
for green leaf manure production to the total IVI of tree and understorey plant communities are 
significantly low or nil. Further analysis of the crop management systems in the region also revealed the 
fact that cultivation and management of leguminous crops with a view to obtain green manure and soil 
fertility management in almost all croplands are neglected. Even the application of green leaf manure, 
farmyard manures, cultivation of cover crops which are required to sustain the crop yield and soil fertility 
are not being adopted adequately. Over-harvest of biomass without sufficient nutrient input is leading to 
the loss of nutrients from the crop lands. Similarly, application of heavy dose of chemical pesticides at 
frequent intervals into croplands can be attributed to the loss of below ground biodiversity. In forest teak 
plantations, removal of litter from soil surface for fuel and mulching has been identified as one of the 
major causes for the decline in the soil moisture, extractable phosphorus, exchangeable potassium and 
exchangeable magnesium. Studies also revealed that some of the faunal characteristics are either absent or 
sparsely represented in a given land use system. It was recorded that in the unmanaged systems the root 
colonization of vesicular arbuscular micorrhizal (VAM) fungi were more than in some of the well 
managed mono-cropping systems. Thus it was clear that in unmanaged systems plants are more 
dependent on mycorrhiza for growth. Further analysis of data indicated that majority of the land use 
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systems were not significantly different from the un-managed plantations in terms of per cent root 
colonization by mycorrhiza indicating that these plots are also poorly managed. 
Results of quantitative estimation and diversity of soil legume nitrogen fixing bacterial (LNB) population 
in different land use systems in the study area indicated the fact that the rhizobial population in 
polyculture systems was significantly more than in annual crop based systems. The higher population of 
rhizobia in soil during pre-monsoon season than in post-monsoon, in all the land use systems indicated 
that pre-monsoon season would be an ideal season for soil rhizobium estimation. Among the thirteen 
species of naturally growing legumes in the study area, D. triflorum produced most profuse nodulation. 
Thus the wild legumes such as D. triflorum could be a potential source of green cover crops. 
Conventional physiological and morphological techniques indicated that the LNB isolates belonged to 
five genera viz. Rhizobium, Mesorhizobium, Sinorhizobium, Bradyrhizobium and Allorhizobium. The
study also revealed the fact that the most of the isolates which originated from degraded forests, teak 
plantation and paddy field utilized the sugars better than isolates from other sites. 
Genetic diversity studies of inter box elements using box primers involving the eighty LNB isolates 
showed that 100 percent of the loci were polymorphic indicating high level of genetic diversity among the 
isolates. Gene diversity varied from 0.0722 to 0.4888 with a mean diversity of 0.2949. Molecular studies 
based on partial 16S rDNA sequencing and analysis of sequence data could identify 4 LNB isolates from 
Kerala part (KFRI isolates). These isolates belonged to Klebsiella sp., Agrobacterium tumefaciens, 
Burkholderia cepacia and Burkholderia sp. Further studies on the genetic diversity studies conducted at 
G.B Pant University of Agriculture and Technology on 13 LNB cultures isolated from trap plants (cow 
pea) showed that the LNB isolates from Kerala part of NBR were more diverse genetically than the 
isolates from Karnataka part of Nilgiri Biosphere Reserve and from Nanda Devi Biosphere Reserve. 
In the study area, the respondents are literate and have the tendency to imbibe new knowledge and 
techniques to improve their croplands. Thus attempts to promote suitable activities for the conservation 
and management of belowground biodiversity are expected to become successful. In this context, post-
project meetings were organized to present the results of the study before the farmers and land managers. 
The participants agreed with the fact that continuous cultivation without external application of organic 
manures and lack of efforts to conserve organic matters in the systems are the reasons for low 
productivity and soil organic matter depletion in different cropping systems. Farmers also recognized the 
competition between the weed community and crop community as an important cause for difficulty in 
maintaining the optimum crop yield. As already indicated in the landscape of Chaliyar River Watershed, 
the study recorded a faster rate in landuse and land cover changes. The farming community also 
expressed the view that the conversion of one cropping system to another is more frequent resulting in the 
increased soil erosion and runoff rates. Considering these aspects, four strategies viz. (a) application of 
green leaf manure, (b) application of plant growth promoting microorganisms and earthworm rich 
compost, (c) reduction of nutrient loss from the croplands, and (d) growth of leguminous and/ or biomass 
transfer species in the crop lands for maintaining soil fertility, sustainable yield and to enhance density 
and diversity of soil biota in different cropping systems, have been identified. During the second phase of 
the project on-farm participatory experiments to demonstrate the usefulness of these strategies and also 
disseminate information and technology to the wider user groups may be undertaken. 
Technical Report. Conservation and Sustainable Management of Belowground Diversity in the 
Nanda Devi biosphere reserve - Phase I (2006) 
R.K. Maikhuri
G.B. Pant Institute of Himalayan Environment and Development, Garhwal Unit, Srinagar (Garhwal), 
India
The Himalaya has been a perennial source of attraction, curiosity and challenge to human intellect 
throughout the ages. The diversity, copiousness as well as uniqueness of the plant communities in various 
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habitats for a long period retained sound and aesthetic environment of the Himalayas. However, in the 
recent past due to excessive exploitation, unplanned land use, natural disasters, and several developmental 
processes, accelerated deterioration of vegetation or loss of individual species, in the localities or regions 
has changed the scenario. Due to multiple stresses and depletion of vegetation and habitat, the main 
concern of the current generation is the conservation of biodiversity both below ground and above 
ground. This technical report is out of the concern for biodiversity conservation of the Himalayan 
environment and ecosystem. It  presents the results of a study of the Himalaya region and specifically in 
the buffer zone area of Nanda Devi Biosphere Reserve (NDBR) and adjoining areas with following 
objectives: (1) Inventory and identification of below ground biodiversity (BGBD) in relation to 
physicochemical, properties of soil and above ground biodiversity in cultural and protected landscapes 
comprising a range of land use/land cover types, (2) Applicability of available methods for sampling 
BGBD in the Himalayan landscapes, (3) Effect of land use, soil fertility and estimation and assessment of 
nodulation, Rhizobia diversity/legume growth and their impact on soil fertility, (4) Indigenous land use 
(traditional agriculture) related to BGBD and its linkages to above ground biodiversity and ecosystem 
functions, and (5) To enhance awareness, knowledge and understanding of BGBD importance to 
sustainable agriculture production by the demonstration of the methods for conservation and sustainable 
management. 
The Buffer Zone of Nanda Devi Biosphere Reserve (NDBR) has two important elevation levels. The high 
altitude (2200-3100 masl) and the mid altitude level of between 600 and 900 m asl). It is at these two 
elevation levels that the study areas were located. Two windows one at high altitude and the other at mid-
altitude were identified. A total of 126 grid points were located at the high altitude level whereas 121 grid 
points were located at middle altitude level. The climatic conditions for the high altitude area consists of 
three distinct seasons-summer season (April-June), rainy season (June-September) and winter season 
(October-February). Average annual rainfall is 930 mm. About 47% of annual rainfall occurs over a short 
period of two months (July-August) featuring a strong monsoonic influence. Monthly maximum and 
minimum temperatures range between 24.0 °C to 14.0 °C and 3.0 °C, respectively. Parent material is 
crystalline rock comprising garnetiferous mica schists, garnet mica quartz schists and mica quartzite. The 
soils, in general, are loam to sandy loam and well to extremely well-drained. The monthly maximum and 
minimum temperature ranges between 27.2 °C to 15.3 °C and 16.0 °C to 2.2 °C. June and August are the 
hottest months of the year with an average temperature of (27 °C) and (16.04 °C). Frequent snowfall 
during winter occurs from November to March. Snow accumulates during winter and may not melt 
completely until the end of April or mid May. Connective storms accompanied by hail are frequent during 
the pre-monsoon season (February-March).  
Land use and land cover in the area was mapped by the visual interpretation of IRS standard geocoded 
false color composite at scale 1:50,000. Vegetation structure and composition varied with altitude and 
terrain features. Pinus wallichiana, Cedrus deodara, Cupressus torulosa, Abies pindrow, Pincea 
smithiana, Betula spp. and Quercus spp. are the dominant trees. Settled terrace farming is confined to less 
than 1% area of buffer zone, with a mixture of leaf litter and livestock excreta used to manure crop fields. 
The reserve is covered under the Himalayan biogeographic province 2A of India and is richly endowed 
with floral and faunal biodiversity. About 600 vascular plant species, including a number of rare, 
endangered and threatened taxa (e.g. Dactylorhiza hataziera, Aconitum heterophyllum, Swertia chirayata, 
Taxus baccata); 18 mammals including seven endangered species including Snow Leopard (Panthera 
uncia), Black bear (Celenarctos thibentamus), Brown Deer (Urcus arctos), Musk Deer (Moschus 
chrysogaster), Bharal (Pseudois nayaur), Himalayan Tahr (Hemetragus jemlahicus), Serow (Capricornis
sumatraensis), Kokla Pheasant (Purasic macrolopha), Western Tragopan (Tragopan melanocephalus),
Golden Eagle (Aquila mipalansis), Black eagle (Letinaetus malayensis), Bearded vulture (Gypatus
barbatus) are reported.
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In the entire buffer zone, rain-fed agriculture on steep terraces is the predominant form of land use, while 
only about 22.4 ha (8 percent of the total cultivated land) is irrigated. The major crops cultivated in the 
middle and high altitudes of buffer zone are Amaranthus spp (amaranth), Phaseolus vulgaris (kidney
bean), P. lunatus (a kidney bean locally known as chhimi), Fagopyrum spp. (Buckwheat), Eleusine
coracana (finger millet), Panicum miliaceum (hog millet), Solanum tuberosum (potato), and Hordeum
himalayens (naked barley). Medicinal plants like Dactylorhiza hataziera, Sellinum wallichianum, 
Angelica glauca, Aconitum heterophyllum, Berginia ciliata, Allium strachei, Allium humile are also 
cultivated by the farmers of the high altitude. A variety of horticultural trees (apple, apricot and walnut) 
that provide fruits and fuel are grown on the raised margins of the rain fed terraces in the lower and 
middle elevation zones. Seasonal and off seasonal vegetables such as cucurbits, ginger, cabbage and 
green vegetables are grown in the kitchen gardens. The mid-altitude area has a climate where 70% of the 
total rainfall that occurs during rainy season (mid June to September) snow fall is rare in the area but 
winter season is quite cold and windy (October-March). High velocity winds are prominent during the 
spring season (March-April) season. The region lies at the catchment of river Alaknanda. Rain fed and 
irrigated land use systems are important agriculture ecosystems in this area with the former as a 
predominant form. Land holding of the farmers are scattered at the terrace fields on the hills. Paddy, 
Millet, Maize and pulses are the crash crops of Kharif (April-October) season while Rabi season 
(October-May) includes crops like wheat, barley, mustard, lentils and peas. The farmers of this region 
generally cultivate a variety of crop species and their numerous varieties in rain fed agro ecosystems to 
meet their food requirements throughout the year commonly known as “Barahnaja” or mixed cropping in 
the more scientific terminology is practiced pulses are grown in particular and in a single field about 12-
20 types of different crops are sown. 
Soil organic carbon decreased with depth in all land use types but the pattern of this change differed 
between land uses. In home-gardens, upper 30 cm of soil had almost similar concentration of organic 
carbon whereas in other land uses 0-10 cm layer had higher concentration followed by 10-20 cm and 20-
30 cm. Irrigated agriculture was richer in organic carbon compared to forest soils if the upper soil layer 0-
30 cm was compared. However, the carbon concentration in the whole soil profile (0-100 cm), there 
seemed to be no significant difference between agriculture and forest lands with home-gardens showing 
the highest concentration. Root biomass decreased with depth in all land use/cover types but the pattern of 
this decrease varied with depth. Irrigated agriculture, rainfed agriculture and scrub showed negligible root 
biomass in soil depth >10 cm. In contrast, significant amount of root biomass was observed in deeper 
soils (30-100 cm) in forests and homegardens. Total root biomass across the soil profile showed a trend of 
oak forest > pine forest > abandoned agricultural land > home-gardens = irrigated agriculture = rainfed 
agriculture = scrubland. 
Species composition of tree community significantly varied in the landscape. Some species such as 
Grewia optiva, Bauhinia purpurea and Celtis australis were not found in forest lands. Species like Ficus
auriculata were found in agricultural as well as forest land. Mean tree density varied from 52.8 in 
irrigated farm land to 1099.4 trees per ha in home-gardens. Basal area varied from 3.6 m square/ha in 
irrigated farmland to 28.2 square meter/ha in oak forests. Amount of litter lying on the soil surface in 
forests was several times higher than that in the cropped or abandoned agricultural lands, even though 
huge quantities of forest leaf litter was removed for preparation of traditional farmyard manure. Home-
gardens have litter mass higher than cropped lands but lower than the forest litter mass. 
The people inhibiting in buffer zone villages of NDBR belongs to two ethnic groups viz. Indo-Mangoloid 
(Bhotiya tribes) and Indo-Aryan. However the people inhabiting particularly in Niti valley belong to the 
Tolchha community, which is one of the three sub communities of Bhotiyas. Except the residents of Reni, 
Peng, Lata, and Tolma villages, all Tolchha Bhotiya households have two permanent dwellings, one at the 
higher altitudes (2400-3500 masl) and another at the lower elevations outside the buffer zone (800-1500 
masl). This community has its own culture, tradition and religious beliefs. The major occupation of the 
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community has been sheep rearing and agriculture, with agriculture taking the primary roleover 
pastoralism. Average family size of the selected villages comprises about 6.0 persons per family, while 
the livestock possession per family was estimated at 6.0 cattle (excluding sheep and goat as now only few 
families having these particular animals), whereas per capita land holdings of the selected villages was 
recorded at 1.09 hectare. A total of 217 households were surveyed at both the locations (94 households at 
low altitude and 123 households at high altitude.  
The households were interviewed through structured Questionnaires. In selecting the villages for data 
collection emphasis was paid to make the sample families truly representative of the whole population 
with respect to the income groups and land holdings. The range of percentage of sample households was 
between 31.43% in Bedanu to 76.92 in Tolma. About 22% males and 49% females were found to be 
aware about the damage caused by particular insects in the rainfed and irrigated agriculture in the lower 
elevation, whereas it was found that about 30% males and 67% females are aware of infection caused to 
crop due to diseases in root and those that are seed born. About 25% villagers of the area were found to 
engage in spraying ash in their kitchen garden crops i.e. Onion and Garlic kitchen gardens but they were 
unaware of the fact behind this indigenous practice and the reason behind was the lack of scientific 
awareness as well as extension activities in the village. Only about 7% males and 10% of females among 
the total respondents were aware about the beneficial role of spiders and earthworms in their crop lands as 
well as other land uses and rest of them were of the opinion that earthworms were harmful to their crops. 
99% of the respondents were also aware of the beneficial aspects of applying and using tree leaves for 
preparation of FYM and its role in agriculture. At high altitude about 33% male and 66% female 
respondents were aware of insect presence in agriculture, about 43% male and 56% female were found 
aware about harmful insects. Besides, in most of the cases more than 40% of respondents among male 
and female were aware of crop seed infections, and use of FYM etc. However, less than 10% of the 
respondents were not aware of extension activities, benefits of earthworm etc. 
Macrofauna were segregated from litter layer, and 0-10 cm, 10-20 cm and 20-30 cm layers of soil 
standard size monoliths following a systematic grid based sampling design. Further, sampling was done 
covering all the three seasons, April month in pre-monsoon warm season, July in monsoon season and 
October in post-monsoon season. In low elevation zone, earthworms showed the highest density during 
monsoon season in agricultural land use, during post-monsoon season in oak forests and similar 
abundance during pre- and post- monsoon in pine forests. In higher elevation zone, earthworms were 
found to be absent in alpine pasture and Cedrus forests, but present in all types of agricultural land uses. 
Home garden and medicinal plant cultivation area showed the highest density during post monsoon 
season, potato field during pre-monsoon and a similar density during pre and post monsoon period in pea 
cultivation area. Home-garden was the only land use where earthworms occurred in all seasons. Land use 
effect on earthworm biomass in lower elevations was not as marked as in higher elevations. Oak forest, 
pine forest, home-garden and rainfed agriculture showed almost similar earthworm biomass at lower 
elevations. On the other hand, at higher elevations, home-garden showed more than three-fold higher 
biomass as compared to medicinal plant or pea cultivation. The effect of land use on biomass of 
earthworms showed the same trend as that on density. Two species were sampled from higher altitudes 
compared to six species from lower altitudes. Dendrodrilus rubidus occurred only in high altitude 
agroecosystems, Aporrectodea caliginosa in all high elevation agroecosystem types and home garden 
system in lower altitudes and, the remaining six species viz., Lannogaster pusillus, Metaphire houlleti, 
Ocnerodrilus occidentalis, Metaphire anomala, Amynthas corticis and Drawida nepalensis only in 
agroeceosystms and forest ecosystems at lower elevations. 
At lower elevations, oak forests showed the lowest hymenoptera population during pre-monsoon and 
monsoon months, while there were no significant differences in population size in different forests and 
agroecosystems during post monsoon. Rainfed agriculture showed higher density during monsoon and 
post monsoon period compared to irrigated agricultural land use, these two land uses showed similar 
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numerical abundance during pre-monsoon season. Isoptera individuals were altogether absent in higher 
elevation zone. In lower elevation zone, significantly higher density was noted during monsoon season in 
all land uses except homegardens where numerical abundance observed during monsoon and summer did 
not vary significantly. The highest coleopteran population was observed during monsoon season in all 
land uses at lower elevations except irrigated agriculture where this group showed highest abundance 
during summer season followed by monsoon, with no significant difference between the two seasons.  
The magnitude of the effect of land use on coleopteran abundance in terms of biomass differed from that 
in terms of numerical abundance. Biomass in post-monsoon season in homegardens was >6 times higher 
than that in other land uses at lower elevations, while different land uses did not differ in terms of 
numerical abundance. Myriapods occurred in all land use/cover types in higher elevations and only in 
pine forest and rainfed agriculture at lower elevations. Dictyoptera population was altogether absent in 
higher elevation zone and in one land use/cover type at lower elevations, viz., irrigated agriculture. Pine 
forest at lower elevation was the only land use where this group was sampled in all the three seasons. 
Diptera occurred in all land uses but not in all seasons in all land uses. Thus, they were sampled from oak 
forest and homegardens at lower elevations only in one season, during pre-monsoon in the former and 
monsoon in the latter. Though population size varied, significant differences were not observed. 
Hemiptera individuals were sampled from all land uses, except alpine pastures. Homegarden and irrigated 
agriculture at lower elevations had significantly higher abundance at lower elevations compared to other 
land use types. Orthoptera population was absent in pine forests at lower elevations and alpine pastures 
and food crop cultivation area in higher elevations. Differences between land uses were not significant. 
There were 34 species of mycorrhiza, 13 belonging to the genus Acaulospora, 3 to Gigaspora, 8 to 
Glomus and 10 to the genus Scutellospora were sampled in soils collected from different land uses in the 
lower elevation village landscape. It may be noted that about 3% of spores in abandoned agricultural land 
to 13% in oak forests could not be identified at species level. Acaulospora lacunosa was sampled only 
from pine forests, Gigaspora geosporum only from abandoned agricultural land and, Scutellospora 
dipurpurascea and S. scutata only from irrigated agriculture. Twelve species occurred in all land uses but 
the degree abundance varied between sites. Nematode abundance in 0-10 cm soil layer was significantly 
higher than that in 10-20 cm layer in all land uses but the rate of decline differed between species. The 
steepest decline was observed in home-gardens. The trend in abundance in 0-10 cm layer was irrigated 
agriculture = rainfed agriculture = abandoned agriculture > home-garden = scrubland = pine forest = oak 
forest.
Effects of land use change on earthworm diversity and biomass in Sumberjaya, West Lampung. 
Jurnal Sains dan Teknologi 12 (1): 14 – 20. (ISSN: 0853-773X) (2006). 
S. Murwani, W.S. Dewi  and K. Hairiah
Land conversion from forest into agricultural system would cause significant changes in the soil (and its 
litter) conditions which in turn could affect the life and distribution of soil biota therein, especially for 
earthworm. The objective of the research was to record the origin, functional groups, abundance, diversity 
and biomass of earthworm as affected by land use change in Sumberjaya, West Lampung. Earthworm 
was sampled from the monolith in seven different land uses. A total of 10 earthworm species were found 
in the study site although its diversity was not significantly different among land uses (ranged from 0-5 
species). Native species were only found in the forests, whereas, exoctic species thrived well in 
agricultural lands. Most epigeic and endogeic species were distributed in 0-10 cm. land use change from 
forest into agriculture decreased earthworm biomass as did for soil organic matter and soil litter. 
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Diversity and abundance of soil-borne pathogenic fungi in various land-use systems in Sumberjaya, 
Lampung. Jurnal Hama dan Penyakit Tumbuhan Tropika 6(2): 107 – 112. (ISSN: 1411-7525) 
(2006).
J. Prasetyo and T.N. Aeny 
The study aimed at investigating the effects of land use systems on the diversity and abundance of soil-
borne pathogenic fungi in different land use systems. Soil samples were collected from Sumberjaya area, 
West Lampung during October 2004. A total of 88 soil samples were collected from seven land uses 
systems: (1) undisturbed forests, (2) disturbed forests, (3) shrubs, (4) polyculture coffee, (5) monoculture 
coffee, (6) food crops, and (7) horticulture crops. The soil samples were laboratory analysed to isolate and 
enumerate viable fungal propagules using bioassay procedures by a modified most probable number 
technique. The results of the study showed that land use systems had different impacts on diversity and 
abundance of soil-borne pathogenic fungi.  
The diversity declined in non-agricultural systems from undisturbed forests to disturbed forests, shrubs, 
and polyculture coffee, and then increased in agricultural systems from polyculture coffee to monoculture 
coffee, and then food crops. In horticultural crops, however, the diversity was lower than that in the food 
crop systems. The abundance had a similar trend except in horticultural crops that showed the highest 
population. The occurrence of soil-borne pathogens was different across land use systems. Fusarium spp.
dominated all land uses, except the shrub that was dominated by Curvaria spp. Botryodiplodia spp.
occurred in undisturbed and disturbed forest, decreasing in shrubs and then disappearing in the other land 
uses. The occurrence of Phytophthora spp. and Pythium spp. was limted in undisturbed and disturbed 
forests then disappeared in shrubs, polyculture and monoculture coffee, but increased significantly in food 
crops. Rhizoctonia spp. only occurred in undisturbed forests.
Increasing potential distribution of crop pest termites Odontotermes spp. after forest conversion to 
coffee based agroforestry system: Effects of changing in micro climate and food availability on 
population density. Agrivita (in press) (ISSN: 0126-0537) (2006). 
F.K. Aini, F.X. Susilo, B. Yanuwiadi  and K. Hairiah  
Genus Odontotermes spp. is commonly found as a pest in agricultural and forestry land use systems. 
Unfortunately the availability of ecological data related tomits link with the environment is scarce. On the 
other hand, a better understanding on the ecology of Odontotermes spp. is needed to control its population 
in any agro-ecosystem. The measurements on population density and diversity of termites were done on 
farms owned by farmers in Sumberjaya, West Lampung in janury till April 2004, by comparig (a) the 
natural forest as a control, (b) forest remnants, (c) multistrata shaded coffee with fruit trees as well as the 
nitrogen fixing trees (Erythrina sumbubrams and Gliricidia sepium) as shading trees, (d) monoculture 
(sum) coffee system, (e) monoculture food crop system, (f) horticuoture system, and (g) degraded land 
such as Imperata grassland. In the Sumberjaya Benchmark site, the termite diversity was rather high, i.e. 
15 genera and 39 species. Forest conversion to agriculture land lled to declining termite diversity from 13 
genera in the natural forest to 7 in the forest remnants, 3 genera in the agroforestry coffee based systems 
to 5 genera in monoculture coffee system to 3 genera in the annual food crop system to 2 genera in the 
Imperata grasslands and 2 genera in the in the horticulture system. Wood eating termites Odontotermes
denticulatus, Odontotermes sarawakensis and Odontotermes sp. H. which potentially appear as pests in 
agro-ecosystems. Development of Odontotermes spp. has closer link to the changes of soil temperature 
and soil moisture (as a result of a reduction of tree canopy cover) rather than food availability after forest 
conversion. Maintaining aboveground biodiversity such as in agroforestry complex systems is one option 
of reducing Odontotermes spp. through its effect of soil micro-climate change and litter with various 
qualities. Land use change was clearly seen to be related with the change in soil biodiversity in 
Sumberjaya, but its impact on its ecological function is not yet still fully understood. Further studies are 
therefore still needed to improve the strategy of land management for healthy agriculture. 
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Conversion of forest to agricultural land: Can agroforestry system maintain earthworm diversity? 
Agrivita (in press) (ISSN: 0126-0537). (2006). 
W.S. Dewi, B. Yanuwiyadi, D. Suprayogo and K. Hairiah  
Forest conversion into agro-ecosystem either tree-based or annual crop-based may affect earthworm 
diversity. The lower plant diversity in agricultural systems due to more open soil surface changes the 
earthworm community. The aim of the research was to quantify the population density and diversity of 
earthworms of different land use systems after forest conversion. The research was conducted at 
Bodongaya, Sumberjaya area of West Lampung during the rainy season from January to March 2004. The 
research was an exploratory experiment based on the survey of population density and diversity of 
earthworms in seven land use types owned by the community, which were compared to remnant forests. 
Earthworm samples were collected from soils monoliths (25x25x30 cm) by hand sorting at sampling 
points within Conservation and Sustainable management of Below-Ground Biodiversity (CSM-BGBD) 
project site windows.
Ten earthworm species were exrated for seven land use systems in Sumberjaya: four native species and 
six exotic species. Forest conversion resulted to three native species disappearing i.e., Metaphire sp., M. 
javanice group, and Megascolex sp. Anthropogenic disturbance resulted to Pontoscolex corethrurus as a 
dominant species in agricultural ecosystems in Sumberjaya. Nevertheless, a high diversity index (0.76) 
was obtained in coffee in an agroforestry system, implying that those systems provide a favourable 
condition for earthworm communities. The said, the body size of the earthworm in the agroforestry 
system was smaller than the ones in the forest systems. The small body size was linked to a decrease in 
soil moisture content and the amount of coarse organic material in the agroforestry systems.
Impact of forest conversion to coffee-based agroforestry systems on rate of nitrification: Inventory 
of population and activity of nitrification bacteria. Agrivita (in press) (ISSN: 0126-0537). (2006) 
Purwanto, E. Handayanto, D. Suprayogo and K. Hairiah  
Forest conversion into intensive agricultural systems lead to sudden changes of the soil surface 
microenvironment, changes in litter input (quantity and quality) and affects the activity of soil organisms 
such as nitrifier bacteria (NH4+ oxidizers and NO2+ oxidizers), nutrient cycling and other soil processes. 
The aim of this research was to measure the concentration of mineral N (specifically NH4+ and NO3-) in 
the soil solution related to the population and activity of nitrifier bacteria of different land use systems 
and its nitrification potential.  
The research was an explorative experiment based on a survey in Bodongjaya, Sumberjaya, in West 
Lampung. It was carried out during the rainy season of March 2004 to March 2005. Soil samples were 
collected at 0-30 cm depth in seven land use kinds having forest remnants as control, multistrata shaded 
coffee with fruits and timber trees as well as nitrogen fixing shade trees, sengon (Paraserianthes 
falcatari)-shaded coffee, Gliricidia-shaded coffee, sun-coffee (monoculture), Gliricidia-shaded coffee 
with cover crop Arachis pintoi, and intensive horticulture. The coffee plots owned by farmers were 
selected when the coffee trees were 7-10 years old. The measurements in each land us was carried out 
twice.
The effect of the different land use types were significantly different (p<0.05) on total N and nitrification 
potential, and very significant (p<0.01) on the concentration of N-NO3- (but not in the concentration of N-
NH4+). The average concentration of N-NH4+ in all the land use types was about 0.6 mg kg-1 to 1.0 mg kg-
1. The highest concentration of N-NO3- was found in horticulture systems (28 mg kg-1), which was five 
times higher than in the other land use systems. High concentrations of N-NO3- in soil solutions was 
significantly correlated (R2=0.91) to high nitrification potential. The results of biological measurements, 
however, shows no significant (p>0.05) effect of different land use types on the population density of 
nitrifier and heterotrophic bacteria. The higher concentration of NO3- in the soil solution and nitrification 
potential found in the intensive agricultural systems indicated that the nitrification process went more 
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rapid than in the forest remnant and agroecosystems, it may decrease N use efficiency and increase more 
risk of N loss to the deeper layer. 
BGBD review paper entitled ‘Soil Biota, Ecosystem Services and Land Productivity’ currently in 
press in the Ecological Economics journal - Special Issue Ecosystem Services and Agriculture. 
Soil Biota, Ecosystem Services and Land Productivity  
E. Barrios  
TSBF-CIAT, Cali, Colombia
The soil environment is likely the most complex biological community. Soil organisms are extremely 
diverse and contribute to a wide range of ecosystem services that are essential to the sustainable function 
of natural and managed ecosystems. The soil organism community can have direct and indirect impacts 
on land productivity. Direct impacts are those where specific organisms affect crop yield immediately.  
Indirect effects include those provided by soil organisms participating in carbon and nutrient cycles, soil 
structure modification and food web interactions that generate ecosystem services that ultimately affect 
productivity. Recognizing the great biological and functional diversity in the soil and the complexity of 
ecological interactions it becomes necessary to focus in this paper on soil biota that have a strong linkage 
to functions which underpin ‘soil based’ ecosystem services. Selected organisms from different functional 
groups (i.e. microsymbionts, decomposers, elemental transformers, soil ecosystem engineers, soil-borne 
pest and diseases, and microregulators) are used to illustrate the linkages of soil biota and ecosystem 
services essential to life on earth as well as with those associated with the provision of goods and the 
regulation of ecosystem processes. These services are not only essential to ecosystem function but also a 
critical resource for the sustainable management of agricultural ecosystems. Research opportunities and 
gaps related to methodological, experimental and conceptual approaches that may be helpful to address 
the challenge of linking soil biodiversity and function to the provision of ecosystem services and land 
productivity include: (1) integration of spatial variability research in soil ecology and a focus on ‘hot 
spots’ of biological activity, (2) using a selective functional group approach to study soil biota and 
function, (3) using understanding about hierarchical relationships to manage soil biota and function in 
cropping systems, (4) using local knowledge about plants as indicators of soil quality, remote sensing and 
GIS technologies, and plant-soil biota interactions to help understand the impacts of soil biota at 
landscape scale, (5) combining new and existing methodological approaches that link selected soil 
organisms, the temporal and spatial dynamics of their function and their contribution to the provision of 
selected ‘soil based’ ecosystem services, and (6) developing local land quality monitoring systems that 
inform land users about their land’s ecosystem service provision performance, improve capacities to 
predict and adapt to environmental changes, and support policy and decision-making. 
Work in progress 
Economic Evaluation of the Contribution of Below Ground Biodiversity: Case Study of Biological 
Nitrogen Fixation by Rhizobia 
J. Chianu1, J. Huising1, S. Danso2, N. Sanginga1 and P. Okoth1
1Tropical Soil Biology and Fertility institute of the International Centre for Tropical Agriculture (TSBF-
CIAT), Nairobi, Kenya; 2University of Ghana, Ghana 
Although it is a common knowledge that soil micro-organisms form an important constituent of below 
ground biodiversity and provide key ecosystem services, such knowledge is often not leading to the 
formulation of favourable policies to conserve the soil micro-organisms. Applying the knowledge gained 
from several experiment station and on-farm research (supplemented with necessary assumptions) on 
FAO-sourced secondary data on soybean (Glycine max) from 19 countries in Africa, this study attempted 
to increase the visibility of the important activities of micro-organisms by quantifying the economic value 
of nitrogen fixation often associated with the activities of legume nodulating bacteria (LNB). The 
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computation of economic value of nitrogen fixation was mostly based on the method of cost replacement 
or cost savings of the fixed nitrogen compared with the mineral nitrogen fertilizer required to attain the 
level of nitrogen fixed. Result shows that the economic value of the nitrogen-fixing attribute of soybean 
in Africa, especially the promiscuous varieties, is quite high and in total ranges from about US$197 
million in 2002 to about US$203 million in 2004 with a mean of about US$199 million across the years 
(2002, 2003 and 2004). The study concludes with recommendations on the various ways of increasing the 
chances of smallholder farmers benefiting from the nitrogen-fixing attribute of LNB, especially since 
many of them cannot afford adequate quantities of inorganic fertilizers required for increased crop 
productivity. 
Inventory of below-ground biodiversity in relation to land use, Vol. 1. Description of the BGBD 
benchmark areas in Brazil, India, Indonesia, Ivory Coast, Kenya, Mexico and Uganda. BGBD 
project series, report nr. 2007. 
E.J. Huising and P. Okoth (Eds.)  
TSBF-CIAT, Kenya 
This project report is a compilation of reports and papers submitted to the Global Coordinating Office that 
describe the benchmark areas that have been selected for the inventory of BGBD. The benchmark areas 
are described in terms of the soil characteristics, land use characteristics as well as socio-economic 
characteristics of the area. The benchmark sites are all located within biodiversity hotspots and generally 
part of the area is protected as either national park, forest or biosphere reserve or other. The papers give a 
good general characterisation of the areas, but at the same time highlight the driving forces behind 
processes of land use change and threats to biodiversity above and below-ground. All the Country Project 
Components have submitted their reports and currently the final editing of the reports is taking place. 
Inventory of Below-ground biodiversity, Vol. 2, Soil ecosystem engineers and litter transformers: 
Analyses of diversity and abundance of macrofauna species in relation to land use. BGBD project 
series, report nr. 2007. 
E.J. Huising and P. Okoth (Eds.) 
TSBF-CIAT, Kenya 
The upper Solimões River region (State of Amazonas, Brazil) is home to a highly diverse community of 
ant species. Pasture fields represent the land use system associated with the lowest ant species diversity in 
the study areas, and is therefore not to be recommended in regional agroecosystem management schemes.  
Most taxa of termites in Indonesia (species), beetle (family), or ants (genus) could be found from a 
minimum of 10 samples. As predicted, the mean diversity, diversity index, and density of termites and 
beetles in forested samples were significantly higher than those in croplands with those in coffee 
plantation in between. Diversity and density of termites, beetles, and ants decreased as land use intensity 
increased. Decrease in ants or beetles diversity correlated with thickness (weight) of litter in which they 
lived (found). The litter weight tended to decrease along the increasing gradient of land use intensity. In 
addition, the thicker the litter was, the higher was the diversity and density of ants or beetles.   
In Cote d’Ivoire, the soil feeding group of termites seems to be good candidates as biological indicator for 
forest conversion. Termite abundance, biomass and species richness were generally reduced when forests 
were cleared or canopy cover reduced suggesting that - along the gradient of anthropogenic impact from 
primary woodland to maize fields - biomass first decreases, then increases, while diversity diminishes 
continuously. In Uganda, the findings indicate that land use change to more intensive uses may decrease 
macrofauna diversity and may also change the composition of taxa within the land use. In Brazil, the 
diversity in agroforestry sites was lower than expected, but few agroforestry sites were sampled. 
Assemblage similarity measured by Morisita's index indicated that fallow fields, crops and agroforestry 
were very close, while pasture was very different from all other systems.  Rank-abundance distribution 
showed that relative abundance in forest assemblages was more balanced, while pasture assemblages 
were dominated by a few very species. The other systems show intermediate patterns.  
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The main conclusions from the preliminary analysis are: (1) the traditional crop – fallow system has a 
termite diversity which is very close to that of the primary forest; (2) pastures seem to be the worst system 
for preservation of termite diversity; and (3) the mean number of species per transect does not show much 
difference between land uses, indicating that most of the difference in total diversity is due to species 
turnover (beta diversity). In the tropical rain forests of the Amazon basin, termite species assemblages can 
contain between 11 and 93 species, depending on the sampling site. In Mexico, in contrast, there are not 
site species accounts which may enable one to make valid comparisons. The nine termites species found 
in the study area were considerably lower than the 27 species reported for the deciduous forests of 
Chamela, in the state of Jalisco. As expected, tropical forests in Los Tuxtlas had the highest total richness 
values whereas pastures had the lowest. From the results it is possible to recognize the following gradient 
of species richness: forests-agroforests-crops-pastures, although average species richness in forests did 
not differ from those of agroforest and crop systems. 
Preliminary conclusions in Uganda are that changes in termite diversity observed across Mabira Forest 
Reserve and surrounding Agro ecosystems consisted largely of losses of soil feeding species with wood 
and litter feeders being less affected. In Cote d’Ivoire, the inventory of earthworms showed that 
multispecies plantations and recurrent fallows were "hotspots" for earthworm diversity. Investigations 
aiming at developing ecosystem services of earthworm diversity should focus on functional diversity. The 
role of "decompacting" and "compacting" species in the regulation of soil structure and organic matter 
dynamics should be highlighted. For this matter H. africanus (decompacting species), M. omodeoi and 
Millsonia sp (compacting species) will be of interest. Due to the functional importance of earthworms in 
ecosystem functioning, the sensitivity of their abundance to forest degradation revealed their potential 
role as bio-indicators. They should therefore be used in bio-monitoring programmes that aim at 
preventing ecosystems degradation due to anthropogenic activities in forest areas of Cote d’Ivoire. 
In Indonesia, earthworms, land use change caused a reduction in number of earthworm species from the 
forest with 5 species, 3-4 in annual crop cultivation and 2 species in shrub/grass land.  But in the tree-base 
agroforestry, the number of species is the same (5 species).  Land use change also resulted in the lost of 
epigeic species Methapire sp. 1 and sp. 2. The distribution of earthworm in the monolith was mostly 
concentrated in the 0-10 cm soil layer, and the dominant species was the endogeic species P. corethrurus 
and O. occidentalis, those species were found in forest.  Land use change from forest into agricultural 
land tended to lower the weight of individual earthworm, and tended to increase abundance and total 
biomass. Coffee-base agriculture, both intensive (TBI) and less intensive (TBLI), were enable to protect 
the number of species and earthworm abundance, although the total biomass and individual weight were 
smaller than those found in the forest.  
In Mexico, it should be stressed that two native species where not found in this intensive survey. On the 
basis of the shape of the native species accumulation curve, we can conclude that these species are 
probably extinct in this region. Disappearance of Ramielllona mexicana could be the result of P. 
corethrurus invasions, whereas forest fragmentation probably play a role in the local extinction of 
Ramiellona sp. Nov. The second main result is related to the high amount of native species in the pastures 
of San Fernando. One possibility could be that this pattern is the result of the buffering action of the 
tropical forests that surround these pastures. A second possibility could be related to some kind of 
management in these pastures that precluded the invasion of exotics (or the maintaining of natives). 
Investigation of the specific site management practices should help to discriminate between both 
hypothesis. Further research should be oriented to search for species with potential for the management of 
soil fertility. One species with this profile could be the native Balanteodrilus pearsei, an endogeic species 
distributed all over the coastal lowlands of southern Mexico. Recent papers have shown that in maize 
crops mulched with velvetbean (Mucuna pruriens), B. pearsei can reach very high populations; in 
addition greenhouse experiments showed that corn production is increased in the presence of both B. 
pearsei and M. pruriens.
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The fact that no negative interactions exist between B. pearsei and P. corethrurus (Ortiz et al. 2005) is 
another advantage of this species, that has been found in maize crops of Soteapan and Mirador Saltillo, 
two towns located close to VC and SF windows (Fragoso in prep.). The diversity of earthworm species in 
Uganda showed that apart from tea and agro-forestry, all other land use types previously disturbed by 
human activities had more species than the strict natural reserve. Multiple cropping had the highest 
number of species (11), followed by sugar cane (8) and secondary forest (7). These observations highlight 
favourable impact of land use change had on species diversity; possibly due to new ecological niches 
created that attract different individual species as previously reported. 
Grassland of San Fernando in Mexico, was the niche with more abundance and richness of Coleoptera 
(Beetles). By their density and biomass the larvae of Melolonthidae are the most important rhizophagous 
and saprovorous beetles in San Fernando. Staphylinidae can be a key group because of their density and 
diversity and their role in the food web as predators and detritivorous. Carabidae is also an important 
group because they predate other soil arthropods.  Ptilodactylidae are abundant but their habits are not 
well known although they might have an important role as detritivorous.  
Density of soil macro-fauna in India, considering all groups together did not differ significantly by land 
use type, except that pine forests had significantly higher abundance as compared to oak forests, in lower 
elevation landscape. However, in high elevation landscape, uncultivated lands had significantly lower 
density as compared to the cultivated ones. Within cultivated lands, numerical abundance was 
significantly higher in home gardens as compared to medicinal plant cultivation or pea cultivation area. 
Effect of land use was more marked in terms of relative abundance of different groups compared to 
density of all soil fauna pooled together. Thus home gardens and rainfed agriculture at lower elevations 
had comparable total fauna density but the former had a higher abundance of earthworms and lower of 
isoptera compared to the latter. At higher elevations, alpine pastures and Cedrus forests had similar fauna 
density but the former had a higher abundance of coleoptera and lower of the 'other fauna' group 
compared to the latter. Medicinal plant cultivation and pea cultivation areas resembled in terms of total 
fauna abundance but the former showed markedly higher abundance of eathworms and lower of 'other 
fauna group' compared to the latter.  
The study of macro-fauna in Kenya demonstrates that quantitative changes in diversity and density of soil 
fauna communities occur when various land use systems are subjected to varying levels of intensification. 
These changes appear to be associated with management practices such as use of agrochemicals, 
destruction of nesting habitats, modification of soil microclimate within these habitats and removal of 
substrate, low diversity and availability of food sources for the associated macro-fauna groups. The 
significant correlations between some soil macro-faunal groups with selected soil chemical properties 
shows that, soil chemical characteristics may indirectly play a role in influencing the density, distribution 
and structure of macro-fauna communities. However there is need to demonstrate how changes in macro-
fauna diversity and abundance associated with land use changes affect ecosystem functions and how such 
functions are beneficial at farm level. 
Inventory of Below-ground biodiversity; Vol. 3, Microsymbionts: Inventory of Nitrogen Fixing 
Bacteria and Arbuscular Mycorrhizal Fungi across various land uses at the BGBB benchmark 
areas. BGBD project series, report nr. 2007. 
E.J. Huising and P. Okoth (Eds.) 
TSBF-CIAT, Kenya 
Cultural diversity of the legume nodulating bacteria in Brazil varied among land use types and these 
effects depended on the trap plant species used. Highest diversity was obtained by using cowpea as trap 
species and the lowest by using the common bean. In India, a total of 286 isolates from different land use 
types were obtained. Generally the rhizobial population is low in the Indian Biosphere Reserves (i.e., 
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Nanda Devi and Nilgiri). All morphological/physiological types of rhizobia occur in both reserves but fast 
growing and slime producing ones dominate the population. In Indonesia, both siratro and Vigna were 
“promiscuous” host trap for rhizobia. Vigna nodulated better than siratro.  
A total of 121 isolates were collected from siratro and 228 isolates from Vigna. In Kenya, the inventory 
demonstrated the occurrence of varying abundance levels of LNB in soils from the Kenyan benchmark 
sites (Embu and Taita), which were largely affected by the land use systems and the eco-geographic 
differences between sites. Two major LNB groups were characterised: fast and slow growers 
predominantly found in Taita and Embu benchmark sites, respectively.   
In Mexico, under stress conditions such as high temperature, drought, acid or alkaline soils, rhizobial 
populations may decrease in numbers and diversity. Fungicides that are normally applied to seeds 
diminish rhizobial survival. Different factors are known to affect the diversity of rhizobia recovered from 
nodules, e.g. bovine slurry amendments to soil, nitrogen fertilization at levels normally recommended for 
agriculture, certain agricultural practices and even different bean cultivars. Furthermore, an effect of bean 
cropping was observed on the diversity of rhizobia recovered from Leucaena leucocephala nodules. 
Following bean crops, no Mesorhizobium strains were recovered from Leucaena nodules, whereas in a 
control soil, with no bean previously planted, abundant Mesorhizobium plurifarium strains were 
recovered from Leucaena nodules. Rhizobia may also occur due to spreading by dust particles carried by 
the wind as has been suggested in the dispersal of Bradyrhizobium canariense. Therefore, the distribution 
of rhizobial species may not be restricted to particular sampling points, if so, why are there low numbers 
of rhizobia in the forest soils? Are the bacteria more labile, dying faster in forest soil or during its 
sampling, transportation or storage? The results in Mexico could reflect that actual soil conditions may 
affect the population of rhizobia obtained from the inventory. Then the low numbers may be related to 
fast recycling of organic matter, to the existence of a stable and large pool of nitrogen, to undefined stress 
conditions or inhibiting or competing microorganisms in forest soils. This observation deserves further 
research. Alternatively, low numbers of symbiotic rhizobia may be present in forest soils if legume 
species are in low density as well. Otherwise the forest rhizobia may not nodulate the trap plant species 
used. Molecular analysis of environmental DNA samples could shed light on the issue.  
In Uganda, multiple cropping and fallow showed the highest population of legume nodule bacteria of 
Phaseolus vulgaris whereas Sugarcane and Grassland had the least. The absence or presence of a 
homologous legume host in the area probably influenced the rhizobia population. There is need to assess 
both the quantitative and qualitative relationship between above-ground flora and rhizobia population. 
High but negative correlations between rhizobial populations and nutrients (N, P, K) indicate that 
adequate nutrient levels render the legume–rhizobia symbiosis unnecessary. Thus, under sugarcane, 
which is continually fertilised rhizobia are absent. Rhizobia nodulating P. vulgaris and M. atropurpureum
were more prevalent in all land uses compared to those infecting G. max. Beans were mostly nodulated by 
Rhizobium species unlike siratro, which was exclusively nodulated by Bradyrhizobium species.
Arbuscular mycorrhizal fungi (AMF)
In Brazil, the total spore abundance was highly variable among samples within the same land use system 
suggesting that distribution of AMF spores and species are aggregated within a given system. Diversity of 
AMF tended to be higher in land use systems (LUS) with intermediate levels of disturbance (crops and 
secondary forest) compared with highly disturbed or undisturbed ecosystems (pasture and forest). In 
India, it can be concluded that in spite of differences in AMF diversity caused by differences in land use 
types, there is a good mycorrhizal potential in the soil. Agricultural practices such as mono cropping of 
only paddy reduced the number of species. There also seems to be seasonal variations with regard to their 
abundance and occurrence. In Indonesia, agricultural intensification had a minor effect on the distribution 
of AMF taxa, and AMF spore types, but significantly affected the AMF spore number. The intensification 
tended to reduce the AMF spore number. Some of AMF spore types were successfully isolated and 
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maintained as pot cultures. These AMF isolates can be screened for the effectiveness in enhancing plant 
growth in different soil types, and potentially can be developed as bio-fertilizer. In the future its 
interesting to search whether the AMF taxa can be use as biological indicator for soil fertility and whether 
the existing AMF spore types population be manipulated through agricultural practices and maintained at 
such level, that may beneficial for soil productivity. 
In Kenya, different AMF species seemed to show preference to land use types, soil nutrient levels, farm 
management practices and certain landscape characteristics. Observations made during the inventory 
suggest different ecosystem levels of operation have influence on AMF species. AMF species seemed to 
operate at different scales with some at smaller scales performing function such as nutrient uptake, at 
farm level performing functions such as disease control and soil aggregate stability and at landscape level. 
Further experiments on monitoring the propagules and functions of individual AMF species are needed to 
confirm the level of operations and processes of individual AMF species. This is necessary if 
interventions will include manipulation, inoculation to restore degraded lands and increase land 
productivity. In Mexico, disturbances determined changes in AMF diversity at regional level, and land 
use determined changes in abundance of spores at local level. Spore formation is highly variable 
depending on host plants, seasonality, and environmental conditions. For the reason above, also it is 
necessary to "trap" the fungi in pots. But on the other hand, molecular tools would help to analyze AMF 
diversity directly from plant roots; some species probably do not produce spores because of the higher 
costs it represents, mainly comparing them to other dispersal mechanisms costs.  
In Uganda, there was the dominance of Acaulospora, Glomus and Scutellospora in all the land use types. 
Since AMF spore formation is known to be highly variable, depending on species type (some species may 
not form spores at all), host plants, seasons of the year, and other environmental factors, the actual 
conclusions can not be based on only the spore morph types from field soils. Results from trap cultures 
and determination of MPN will be more conclusive. It is not clear whether the increase in land use 
intensification decreases mycorrhizal abundance and diversity in the soil. However, farmer practices such 
as land conversions and agriculture intensification do not only exhaust soil productivity but also influence 
life in the soil. This was clearly seen in sugarcane plantation with significantly low levels of mycorrhiza. 
Inventory of below-ground biodiversity, Vol. 4. Micopredators, decomposers, pathogens, biological 
control agents: Inventory of nematodes, mesofauna and soil fungi in relation to land use. BGBD 
project series, report nr. 2007. 
E.J. Huising and P. Okoth (Eds.) 
TSBF-CIAT, Kenya 
Fungi
In Brazil results of fungi inventory showed that intensification of land-use led to differences in fungal 
populations among the sites investigated, with an increase of colonization by the potential plant 
pathogenic genus Fusarium and an opposite effect on common antagonistic genera. Soils under pasture 
revealed to be the most disturbed environments. In Indonesia, the fungal decomposers had two functional 
groups: lignin and cellulose degrading fungi. Diversity and abundance of both lignin and cellulose 
degraders were different as affected by different land use types. However, there was no conclusive pattern 
that can be drawn. There is a tendency that the mean of abundance of lignin and cellulose degrading fungi 
decrease as the land use becomes more intensive. 
In Uganda there were several soil-borne phytopathogens. The frequency of Phytophthora infection among 
bait tissues did not differ significantly among LUTs suggesting the tolerance of this genus to a wide range 
of land use conditions. Pythium infection was least in the strict nature forest reserve and but did not differ 
significantly among the other LUTs. The less acidic soil pH of forest soils or the higher abundance of 
saprophagous mesofauna may account for the lower incidence of Pythium in the strict nature forest 
reserve. The influence of land use change on the incidence of soil-borne phytopathogens is not well 
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defined. The findings suggest that Pseudomonas may be more sensitive to land use changes than either 
Pythium or Phytophthora but this requires experimentation for confirmation. Analysis of relative 
abundance in relation to soil physico-chemical properties and floristic diversity (for host plants) may yield 
more information on the factors that influence the occurrence of these pathogens. The high variance 
within the other LUTs however suggests the influence of other factors on Pythium incidence at the points. 
Further investigations are needed to explain these findings.  
The relative abundance of Pseudomonas as determined from the number of colony forming units 
decreased with an increase in land use intensity for both pathogenic (fluorescent) and non-pathogenic 
(non-fluorescent) strains. Forest systems had much higher numbers than the multiple crop, agroforestry 
and crop monoculture systems. This could be related to the increasing acidity in soils of these more 
intensively used LUTs. Similar trends in incidence for both pathogenic and non-pathogenic strains show 
that the two groups are able to co-exist.  
In Kenya, long term monocropping and land intensification in terms of frequent application of inorganic 
fertilizers and herbicides greatly affects the population of Trichoderma spp. The use of organic soil 
amendments results in a soil that has higher amounts of the fungus. Land use system and type of fertilizer 
used influenced the distribution and abundance of Trichoderma. Populations of this fungus in soil with a 
history of organic production practices were higher than in soils under conventional production practices. 
Less disturbed soils of the forests also recorded high carbon levels which together favoured the 
occurrence of the fingus. Trichoderma also seemed to favour plants with widely spread rooting systems. 
Above ground plant type influenced the occurrence of the fungus with annual plants being favoured 
compared to mono-cropped old plants, indicating that the age of the plant cover also determined the 
below-ground populations of Trichoderma spp. There was evidence that agricultural practices affected the 
diversity of Pythium species in Embu benchmark area of Kenya. Interestingly, napier grass had the 
highest number of species while maize has the lowest in Embu, while in Taita, natural forest had the 
lowest and cropland the highest. In Indonesia, it was concluded that diversity and abundance of plant 
pathogenic fungi were affected by land use types.  In Sumberjaya, Lampung, there was a tendency that 
the more intensive the land is, the more abundant were the soil-borne plant pathogenic fungi.  
Mesofauna
In Brazil, the highest density of soil mesofauna was recorded in pasture fields, while diversity was highest 
in secondary forests (“capoeiras”). The taxonomic assemblages that dominated the soil mesofauna in 
Brazil were the Formicidae, the Oribatida (Acari) and the Collembola. In India: among the 
microarthropods studied, mites were the most abundant.  Natural forests and tree based systems showed 
mites in very high numbers indicating that a lot of grazing occurs in these land use systems which might 
be due to availability of fungi and bacteria in soil and litter.  Also recorded was a high micro-arthropod 
population in agricultural fields in spite of low litter in agriculture.  This could be due to better food 
quality and micro-environmental conditions suitable for the group and aggregated distribution around 
litter patches.  Though litter mass in vegetated sites was high, microarthropods aboundance in per unit of 
litter were less because huge amount of litter favoured scattered activity and decreased aggregation. 
Interestingly abundance of mites was much greater in soil than in litter.  The abundance of collembolan 
was high in the soil of cultivated lands. Soil contained a greater amount of microarthropods as a whole 
than litter. 
In Indonesia, collembola community number and diversity increased from undisturbed forests to 
agricultural land. Abundance of soil surface dwelling Collembola were affected by factors such as a 
stability of soil surface, low disturbance, and small variability of environmental changes. Thickness and 
humidity of litter on the forest floor may also have influenced the abundance of surface dwelling 
Collembola species. The highest abundance of soil surface Collembola such as Hypogastruridae and 
Entomobryidae were found in undisturbed and secondary forests. It seemed that in undisturbed forests, 
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Collembola were more active on the soil surface than lower in deeper soil layers. Undisturbed forests 
were dominated by surface crawling and less moving Collembola of the family Hypogastruridae. The 
thickness of humid litter in the forest floor was very favourable to Hypogastruridae. Morphological 
characters of Entomobryidae such as long antenna, long spring organ and active mobility was suitable at 
less dense surface soil and thin litter layer. During our research, the family of Entombryidae was found 
dominant at shrubs, polyculture and monoculture coffee due to more open and thinner litter layers that 
were more suitable for them. 
Nematodes 
In Brazil, it was possible to use data from the nematode community to distinguish among the land use 
systems.  In Côte d’Ivoire, forest conversion into agricultural land significantly altered nematode 
assemblages, and community structure that are characterized by a reduction of diversity in most of 
degraded area. Moreover, this study revealed the potential of Xiphinema sp. and Rotylenchulus sp. to be 
used as bio-indicators of forest conservation. In Indonesia, a total of 113 nematode genera in seven orders 
were collected from Sumberjaya, Lampung. There was no significant relationship between increasing 
land use intensity and the population of soil nematodes. Number of genera tended to decrease as land use 
intensity increased. The bacteriovores were mostly found in undisturbed forests and disturbed forests, 
whereas plant feeder nematodes were mostly found in more intensive land uses, i.e. grassland or shrub, 
food crops and vegetable crops.  
In Kenya, it was revealed that nematode diversity decreased with intensity of land cultivation or human 
interference. The natural forests had the highest diversity and abundance of nematodes of different trophic 
levels. Natural forest ecosystems are characterized by long-term lack of human interference including 
lack of application of agrochemicals. Disturbance of the natural forest through felling of indigenous trees, 
followed by establishment of single species plantations resulted in a decline in nematode abundance and 
species richness. An increase in the proportion of plant parasitic nematodes (herbivores) was associated 
with increase in ecosystem disturbance. The trend denotes increased dominance of herbivorous 
nematodes with increase in agricultural intensification. These changes in nematode community structure 
could be indicative of wide ranging changes in physical, chemical and biological properties of the soil. 
Nematode abundance was higher in the maize/bean land use compared to monocultures under coffee, 
napier or tea. High inputs of agrochemicals particularly pesticides in coffee and fertilizers in tea can be 
the main contributing factors. In addition, monocultures tend to favour certain groups of nematodes while 
the others are rendered homeless. In Mexico, it was observed that agricultural management practices 
affect nematodes. The results suggest that in non-disturbed areas like jungle and agroforesty, richness and 
diversity of nematodes were significantly higher than in systems under anthropogenic activity and 
practices like intensive monocropping (pasture field). 
Fruit flies (Diptera: Tephritidae)  
Fruit flies were only studied in Brazil. Correspondence analysis suggested that there was a direct 
relationship between the diversity of potential host plant species available to fruit flies in different land-
use systems and the diversity of Anastrepha flies occurring in them. The values of species richness 
(S=23) and Margalef’s index (3.43) recorded for the upper Solimões River region were both relatively 
high when compared with other regions of Brazil. 
Twenty-one species of the genus Anastrepha were recorded in the upper Solimões River region; nine of 
them were morphotypes. A. striata was the most frequent, constant, and dominant species in the upper 
Solimões River region, representing about 50% of the total number of females collected. Five different 
land-use systems typical of the upper Solimões River region had the genus Anastrepha occurring in each 
one of them.
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Influence of soil fertility on the rhizobial competitiveness for nodulation of Acacia senegal and 
Acacia nilotica provenances in nursery and field conditions 
A. Sarr1 and D. Lesueur2
INRA, Dijon Cedex, France; TSBF-CIAT, Kenya 
Within the framework of our study, we assessed the nodule occupancy of a mixture of various strains of 
rhizobia to inoculate several provenances of Acacia senegal and Acacia nilotica. The first part of the 
experiment was carried out under greenhouse conditions where the plants were cultivated in polyvinyl 
chloride tubes containing an unsterilized Sangalkam soil low in organic matter and nitrogen. The results 
showed that 4 and 8 months after sowing, rhizobial strains CIRADF 306 and CIRADF 300 were mainly 
present in nodules of A. nilotica and A. senegal, respectively. After transferring the seedlings to the more 
fertile soil in Bel Air field station, the molecular analysis of the nodules showed that strain CIRADF 306 
was absent from the nodules of A. nilotica, whereas strain CIRADF 305 which occurred only at low 
nodule occupancy in the nursery, predominated in the field conditions. On the other hand, strain CIRADF 
300 occurred in the majority of the nodules from the various provenances of A. senegal. These results 
demonstrated actual interaction between inoculated rhizobial strains, soil type and host plant genotype in 
terms of competitiveness, nodulation and symbiotic nitrogen fixation.
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Output target 2007 
? At least two indicators of soil quality used for farmer’s decision making in hillsides agroecosystem 
Published work 
Barrios1, E., Delve2, R.J., Bekunda3, M., Mowo4, J., Agunda5, J., Ramisch6, J., Trejo7, M.T. and 
Thomas1, R.J.  (2006)  Indicators of Soil Quality: A South-South development of a methodological 
guide for linking local and technical knowledge.  Geoderma 135: 248-259. 
1TSBF-CIAT, Cali, Colombia; 2TSBF-CIAT, Kampala, Uganda; 3Makerere University, Kampala, 
Uganda; 4Africa Highlands Initiative, Lushoto, Tanzania; 5CARE, Homa Bay, Kenya; 6TSBF-CIAT, 
Nairobi, Kenya; 7TSBF-CIAT, Tegucigalpa, Honduras
Abstract: The increasing attention paid to local soil knowledge results from a greater recognition that 
farmer knowledge can offer many insights into the sustainable management of tropical soils and that 
integration of local and technical knowledge systems helps extension workers and scientists work more 
closely with farmers. A participatory approach and a methodological guide were developed to identify 
and classify local indicators of soil quality and relate them to technical soil parameters, and thus develop a 
common language between farmers, extension workers and scientists. This methodological guide was 
initially developed and used in Latin America and the Caribbean-LAC (Honduras, Nicaragua, Colombia, 
Peru, Venezuela, Dominican Republic), and was later improved during adaptation and use in Eastern 
Africa (Uganda, Tanzania, Kenya, Ethiopia) through a South-South exchange of expertise and 
experiences. The aim of the methodological guide is to constitute an initial step in the empowering of 
local communities to develop a local soil quality monitoring and decision-making system for better 
management of soil resources. This approach uses consensus building to develop practical solutions to 
soil management constraints, as well as to monitor the impact of soil management strategies implemented 
to address these constraints. The particular focus on local and technical indicators of agroecosystem 
change is useful for providing farmers with early warnings about unobservable changes in soil properties 
before they lead to more serious and visible forms of soil degradation. The methodological approach 
presented here constitutes one tool to incorporate local demands and perceptions of soil management 
constraints as an essential input to relevant research for development activities. The participatory process 
followed was effective in facilitating farmer consensus, for example, about which soil related constraints 
were most important and what potential soil management options could be used. Development of local 
capacities for consensus building constitute a critical step prior to collective action by farming 
communities resulting in the adoption of integrated soil fertility management strategies at the farm and 
landscape scales.  
Tscherning1,2,3, K.,  Lascano1, C.,  Barrios2, E., Schultze-Kraft3, R. and Peters1, M. (2006)  The effect 
of mixing prunings of two tropical shrub legumes (Calliandra houstoniana and Indigofera 
zollingeriana) with contrasting quality on N release in the soil and apparent N degradation in the 
rumen.  Plant and Soil 280: 357-368 
1Tropical Grasses and Legumes, CIAT, Cali, Colombia; 2TSBF-CIAT, Cali, Colombia; 3University of 
Hohenheim, Stuttgart, Germany 
Abstract: Lack of synchronization between N released from prunings applied to the soil as green 
manures and crop uptake as well as optimization of protein digestibility for ruminants, remain major 
research objectives for the selection of multipurpose tree and shrub legumes (MPT) for mixed smallholder 
systems in the tropics. Prunings of the high tannin, low quality MPT Calliandra houstoniana CIAT 20400
(Calliandra) and the tannin free, high quality MPT Indigofera zollingeriana (Indigofera) were mixed in 
the proportions 100:0, 75:25, 50:50, 25:75, and 0:100 (w/w) in order to measure the aerobic rate and 
extent of N release in a leaching tube experiment, and the anaerobic extent of N degradation in an in-vitro
gas production experiment. Parameters measured in Calliandra:Indigofera mixtures were compared to 
theoretical values derived from single species plant material (i.e. 100:0 and 0:100). Aerobic N release and 
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apparent anaerobic N degradation increased with increasing proportion of the high quality legume 
(Indigofera) in the mixture. While N release in the soil was lower than theoretical values in the mixture 
50% Calliandra / 50% Indigofera, this was not the case with apparent anaerobic N degradation with the 
same mixture. Aerobic N immobilization was more pronounced for the mixture 75% Calliandra / 25% 
Indigofera than for 100% Calliandra and negative interaction was observed with apparent anaerobic N 
degradation in the mixture 75% Calliandra / 25% Indigofera. Plant quality parameters that best correlated 
with aerobic N condensed tannin release and apparent anaerobic N degradation in the rumen were lignin 
+ bound condensed tannins (r= -0.95 and -0.95 respectively, p<0.001). In addition, a positive correlation 
(r= 0.89, p<0.001) was found between aerobic N release in the leaching tube experiment and apparent N 
degradation in the in vitro anaerobic gas production experiment. Results show that mixing prunings of 
MPT materials with contrasting quality is an effective way to modify aerobic N release pattern as well as 
apparent anaerobic N degradation and could possibly be applied to minimize N losses in the rumen and in 
the soil. In addition, apparent anaerobic N degradation was identified as good predictor of aerobic N 
release in the soil, which has resource saving implications when screening MTP to be used as green 
manures. 
Completed work 
Effects of transgenic cotton (Bollgard® Bt Cry1Ac) on plant residue decomposition 
E. Barrios, N. Asakawa, E. Melo and J. Quintero 
TSBF-CIAT, Colombia
Very high economic losses have been experienced in cotton producing areas of Colombia due to the high 
incidence of pests. Greatest losses in the cotton planting areas of Colombia were caused by the boll 
weevil Anthonomus grandis (Coleoptera), Heliothis virescens (Lepidoptera) and the leaf-eating pink 
worm Sacadodes pyralis (Lepidoptera) and white flies (Homoptera). The use of agrochemicals has been 
the preferred method of pest control (largely for lepidopterans) in Colombia with mean number of 
pesticide applications per crop cycle ranging from 26 in the Atlantic Coast to 7 in the Cauca Valley. In 
2001, first studies by ICA and the CTN were conducted to determine the effect of the Bollgard 
technology on cotton pests in the Atlantic Coast (Cordoba Department). The Bollgard technology, 
generated by Monsanto, has the Cry1Ac insert whose targets are important Lepidoptera cotton pests. 
Based on results obtained in the 2001-2002 growing cycle, ICA authorized the first commercial planting 
of cotton with resistance to lepidopterans. The first 6187 ha of commercial GM cotton was planted in the 
Cordoba department in the second semester of 2003. During the first semester of 2004, 4495 ha were 
planted in Tolima-Huila and 696 ha in the Cauca Valley where our studies were conducted.  
Cotton plant material was collected in September 2004 at the end of the cropping season. Aboveground 
biomass (tops = stems+leaves+sexual structures) and below ground biomass (roots) were air dried and cut 
into 10 cm pieces and twenty grams (20 g) were placed separaretly in litterbags. These bags with tops or 
roots were either placed on the surface or incorporated in the soil (10 cm). A total of 1728 bags were 
distributed in the field under two treatments (Bt-cotton, NoBt-cotton), 6 samplings per year during a 3 
year litter decomposition experiment. Bt cotton residues showed small but significantly less 
decomposition han NoBt cotton only at the 8 and 12 weeks samplings. These results suggest that Bt plant 
materials may decompose more slowly than Non-Bt plant materials as shown elsewhere in the literature.  
The persistence of undecomposed Bt cotton could be a significant Bt toxin reservoir in cotton fields after 
the harvest of Bt cotton. 
Differences in decomposition rates as affected by plant residue type (tops vs. roots) and residue placement 
(surface vs. incorporated) were significant (Figure 20). Tops consistently presented higher decomposition 
rates than root materials independently of mode of application. This is likely a result of differences in 
tissue quality as it has been shown in the literature that shoot tissues with lower C/N ratios are usually of  
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Figure 20. Decomposition of Bt and NoBt cotton tops and roots (expressed as percent of dry weigh 
remaining) that were surface applied or incorporated into the soil. Bars = standard errors. 
the higher quality, and thus decompose faster, than roots. On the other hand, surface applied residues 
decomposed about 25% less rapidly than when they were incorporated into the soil and differences were 
significant at all sampling dates. These results are consistent with the literature suggesting that conditions 
present in the soil facilitate decomposition processes independently of resource quality.  
Detritivore arthropods. Soil detritivore arthropods were extracted from litterbags using modified Tullgren 
funnels and collected into 70% alcohol after each litterbag collection and were recently enumerated and 
classified.  Data are currently being analyzed. 
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Output target 2008 
? Practical methods for rapid assessment and monitoring of soil resource base status developed 
Published work 
Chen1, W.M., James2, E.K., Coenye3, T., Chou4, J.H., Barrios5, E., de Faria6, S.M., Elliot2, G.N., 
Sheu7, S.Y., Sprent2, J.I. and Vandamme3, P. (2006) Burkholderia mimosarum sp. Nov., isolated 
from root nodules of Mimosa spp. From Taiwan and South America. International Journal of 
Systematic and Evolutionary Microbiology 56: 1847-1851. 
1Department of Seafood Science, National Kaohsiung Marine University, Taiwan; 2University of Dundee, 
Dundee; 3Universiteit Gent, Belgium; 4National Chung University, Taiwan, 5TSBF-CIAT, Cali, 
Colombia;; 6EMBRAPA, Brazil; 7Department of Marine Biotechnology, National Kaohsiung Marine 
University, Taiwan 
Abstract: Fourteen strains were isolated from nitrogen-fixing nodules on the roots of plants of the genus 
Mimosa growing in Taiwan, Brazil and Venezuela.  On the basis of 16S rRNA gene sequence similarities, 
all of the strains were previously shown to be closely related to each other and to belong to the genus 
Burkholderia.  A polyphasic approach, including DNA-DNA reassociation, whole-cell protein analysis, 
fatty acid methyl-ester analysis and extensive biochemical characterization, were used to clarify the 
taxonomic position of these strains: all 14 strains were classified as representing a novel species, for 
which the name Burkholderia mimosarum sp. nov. is proposed.  The type strain PAS44T (= LMG 23256T
= BCRC 17516T), was isolated from Mimosa pigra nodules in Taiwan.     
Velasquez1, E., Pelosi2, C.,  Brunet3, D.,  Grimaldi1, M.,  Martins4, M., Rendeiro4, A.C., Barrios5, E. 
and Lavelle1, P. (2007) This ped is my ped: Visual separation and near infra-red spectra allow 
determination of the origins of soil aggregates.  Pedobiologia 51: 75-87  
1UMR 137 BIOSOL, Univ. Pierre et Marie Curie (Paris VI), Centre IRD, France; 2INRA, Grignon, 
France; 3UR SEQ BIO, IRD, Montpellier, France; 4Museu Paraense Emilio Goeldi,Belem, Para, Brazil; 
5TSBF-CIAT, Cali, Colombia. 
Abstract: Macroaggregation is a highly dynamic attribute of soils that is claimed to have a significant 
impact on their ability to store C and conserve nutrients.  A major obstacle to the description and 
modeling of macroaggregate dynamics, and of the associated processes, is an almost complete ignorance 
of the real origin of the different types of aggregates found in soils, their turnover times and positions in 
the soil matrix.  We present here a general methodological approach in which the origin of aggregates 
separated according to visual criteria could be determined by comparing their specific organic matter 
signatures assessed by Near Infrared Spectrometry (NIRS) to signatures of biogenic structures produced 
by soil ecosystem engineers (invertebrates and roots) living in the same soil. Macroaggregates and other 
soil components were separated visually from samples taken at 61 locations regularly distributed across a 
watershed in Nicaragua and representing crops, pastures, forests, coffee plantations and fallows.  
Coinertia analyses among soil macroinvertebrate communities and the matrix of soil morphological 
variables showed highly significant relationships.  In Amazonian forest patches and pastures from the 
state of Pará in Brazil, 75 different types of biogenic structures were collected at the soil surface and on 
tree trunks, and analyzed by the NIRS spectral method.  Significant differences among the different types 
of structures allowed grouping according to their broad phylogenetic origin with large interspecific 
differences. In a field experiment conducted at the same site, soils previously under pastures were planted 
in 16 possible combinations of four plant species, in a fully randomized design replicated three times in 
different sites.  Surface casts of the earthworm species Andiodrilus pachoensis and soil macroaggrgates 
separated by our visual technique had significantly different spectral signatures depending on the location 
of the plot and the composition of plant cover.  However, the comparison of NIRS signatures of soil 
macroaggregates and casts suggested that A. pachoensis was not responsible for the production of the 
biogenic aggregates that comprised a large proportion of the soil volume in this soil. 
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Work in progress 
Determination of the potential of selected legume species and varieties to trigger suicidal 
germination of Striga hermontica
J. Odhiambo1, B. Vanlauwe2, I. Tabu1, F. Kanampiu3 and Z. Khan4
1Egerton University, Kenya; 2TSBF-CIAT; 3CIMMYT, Kenya; 4ICIPE, Kenya 
A single Striga hermontica plant can produce as many as 50,000 seeds and remain viable for more than 
14 years. Conditioned Striga seeds will only germinate when exposed to synthetic germination stimulant 
or natural stimulants present normally in the root exudates of many hosts or non-host species. Once 
germinated, the Striga seedling must attach to a host root within 3-5 days or the seedling dies. Hence a 
sustainable control option to reduce Striga parasitism is the use of trap crops, particularly legumes that 
stimulate germination of the parasite seeds but are non-hosts in rotation or intercropping with cereals. 
Since the ability of leguminous trap crops to stimulate Striga seed germination, both between and within 
species, is variable, the objective of this study was to identify and select in vitro soybean accessions with 
high ability to stimulate germination of Striga seeds.
Roots from thirty-two soybean accessions were tested in laboratory for their ability to stimulate Striga
seed germination. Seeds treated with strigol displayed high germination, which was not significantly 
different from stimulation due to soybean accessions like TGX1448-2E and TGX1740-2F. Soybean 
accessions were significantly different in their ability to stimulate Striga seed germination with some 
soybean accessions showing a higher germination potential than Desmodium and Mucuna. Maize variety 
WH502 was slightly more sensitive, causing higher germination of Striga seeds compared to the other 
maize varieties. To confirm above observations, a selection of soybean varieties with differing Striga
suicidal germination potential was grown in greenhouse pots with soils inoculated with Striga seeds 
(7500 viable seeds per pot) together with or in rotation with maize. Desmodium and Mucuna were also 
included, together with a pot with non-infested soil.  
In the intercropping trial, most soybean varieties with high suicidal germination potential (except for 2 
varieties) showed larger Striga germination values than the maize mono-cropped pot, while those 
varieties with low to medium suicidal germination potential showed Striga germination data not larger 
than the maize monocropped pot (except for one variety) (Figure 21). In the rotational pot trial, half of the 
soybean varieties with high suicidal germination potential showed larger germination percentages of 
Striga seeds in Eplee bags than the maize mono-cropped pot while those varieties with low to medium 
suicidal germination potential showed Striga germination percentages that were smaller than those in the 
maize mono-cropped (Figure 22).  
The preliminary results of these pot trials clearly confirm some of the trends observed in the laboratory 
Petri-dish tests and confirm the existence of large variation in suicidal germination potential of different 
soybean varieties. To confirm above results from the laboratory and greenhouse trials and demonstrate 
that the best-bet varieties also trigger suicidal Striga germination under field conditions, a field trial was 
set up during the long rainy season of 2006 in Mbita using the best-bet soybean varieties and Mucuna in 
order to follow the Striga seedbank depletion under field conditions.  
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Figure 21. Total Striga seeds emerged and attached to maize in a greenhouse intercropping trial with different soybean accessions with high,
medium, and low Striga suicidal germination potential as observed in Table 5 and with Desmodium and Mucuna, relative to a maize mono-crop 



























































































































































































































































































































































































Figure 22. Total Striga seeds germinated in Eplee bags in greenhouse pots, cropped with different soybean accessions with high, medium, and low 
Striga suicidal germination potential as observed in Table 5 and with Desmodium and Mucuna, relative to a maize mono-crop (indicated with 



















































































































































































































































































Residual effects of applied phosphorus fertilizer on maize grain yield, P availability and 
recovery from a long-term trial in Western Kenya 
H. Wangechi, P. Pypers and B. Vanlauwe 
TSBF-CIAT, Kenya 
In western Kenya, declining soil fertility, degradation by erosion and nutrient removal from crop harvests 
have been reported to be the main cause of low land productivity which has transformed a once highly 
agricultural productive land to a low production zone. Recent studies in western Kenya involving P 
fertilization have reported positive response of maize to P additions. Several experiments carried out in 
western Kenya have recommended the combination of small doses of inorganic with organic fertilizers to 
improve yields and soil properties. This reports summarizes results of a study which was designed to 
compare the direct and residual effects of (i) a single application of P fertilizer of various rates, and (ii) 
Seasonal additional application of inorganic or organic P of small rates on the maize yield, maize P 
utilization and soil available P. Economic benefits of the P additions were addressed and compared as was 
the modeling of various P pools.  
The study was carried out on a farmers field located in Nyabeda, Siaya district, western Kenya. The 
climate is sub-humid with an average daily maximum temperature of 21 °C and mean annual precipitation 
of 1800 mm, with a distinct bimodal pattern. In a number of treatments, P was added as TSP only at the 
beginning of the first crop at different rates (0, 15, 30, 50, 100, 150 and 250 kg P ha-1). A treatment with 
initial application of 250 kg P ha-1 and seasonal additions of 30 kg P ha-1 to maintain a reasonable yield 
through the study period was introduced. In other treatments, an initial application of P (Triple Super 
Phosphate, TSP) at 100 kg ha-1 was followed by a subsequent seasonal application of P at 7 kg P ha-1 as 
TSP, Tithonia diversifolia leaf biomass or cattle manure. A blanket application of N and K at a rate of 100 
kg ha-1 every season was maintained through out the study period to ensure that the two nutrients were not 
limiting leaving P as the limiting macro nutrient. Maize was grown as a test crop. 
The dry matter yield of grain and stover during the 10 cropping seasons revealed that P rates greatly 
influence the yield of maize grain, except during the SR 1998 season which was severely affected by low 
rainfall (Table 15). Phosphorus fertilization increased dry matter in the medium to high rates of P (100 to 
250 kg P ha-1). Yields declined most rapidly with time when P was applied at low rates, while decline was 
below 10% after two years when P was applied at 250 kg P ha-1. Overall, the three treatments receiving 
moderate seasonal P additions (100P+7P (TSP), 100P+7P (manure) and 100P+7P (Tithonia) gave similar 
grain yields though repeated application of TSP as 7 Kg P ha-1 increased grain yield above the single 
application of 100 Kg P ha-1. On average, grain yields were high from the 250P+30P (TSP) treatment and 
significantly different from the other treatments (100P+7P (TSP), 100P+7P (Tithonia) and 100P+7P 
(manure). Total grain output from the 10 maize crops was 3.1 t ha-1 the control treatment (0P) and 20.2, 
32.8, 33.0, 32.2 t ha-1 where 100P, 100P+7P (manure) and 100P+7P (Tithonia) and 100P+7P (TSP) were 
applied respectively (Table 15). The residual effect of soluble P fertilizer from TSP on grain yield was 
considerable but decreased with each season whereas that of 100P+7P (manure) was relatively low but 
persisted for longer time through out the seasons. 
In the unfertilized treatment (0P treatment) the average amount of P extracted by resin was equivalent to 
3.1 mg P kg-1 soil and was little influenced by fertilizer application at the lower rates (15-50 kg P ha-1)
except in the application season (Figure 23). The resin extracted P declined rapidly with one time 
application of high doses of P (100 and 250 kg P ha-1) from a high of 18.6, 15.2 and 36.9 mg P kg-1 in the 
application season to a low of 5.5, 6.7 and 7.3 mg P kg-1 in the 100P, 150P and 250P treatments 
respectively at the end of the cropping period. In treatments receiving low rates of P, (15P and 50 Kg P 
ha-1) the decline was steady from 5.6 to 4.3 and 8.2 to 4.9 mg P kg-1 in the 15P and 50P treatments 
respectively. Resin extractable P declined in each successive season due to possible fixation and crop 
removal. The amount and form of plant material added to the soil could have a significant bearing on the 
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magnitude on the available and residual P pools and hence a significant effect on the residual value of the 
P fertilizer for maize. 
Net benefits derived from application of P fertilizer at different rates were determined from the difference 
between maize grain value and added cost of production due from fertilizer use. Input cost (stated in 
USD) for the 10 seasons were lowest where phosphorus was applied at the lowest rates as one time 
application while for moderate and high P additions the cost increased due to extra cost of transport and 
application of fertilizers up to three to ten times that of the lowest P rate (Table 16). Added benefits were 
positive and highest in 250P+30P (TSP) at 7415 USD while the benefits were similar in the 100P + 7P 
(manure) and 100P + 7P (TSP) at 5340 and 5306 USD respectively. Added costs were highest at 1889 
and 1863 USD for 250P+30P (TSP) and 100P + 7P (Tithonia) treatments respectively. The added costs 
for Tithonia were high due to cutting and transportation and labour required for preparation and 
incorporation thus the treatment was less attractive than manure treatment.  
Net benefits for 100P + 7P (manure) remained comparatively high when compared to treatments with 
high addition of P. This study suggests that limited supplies of manure can effectively be combined with 
inorganic sources of P to give increased yields and reduces costs.  
The fertilizer rate required to obtain a particular target uptake drastically decreases in course of time due 
to the residual effect of the previously applied fertilizer. Since initial soil P levels were low (2.4 mg kg-1)
and plant uptake is only one possible fate of the mineralized P, the contribution by mineralization to plant 
available P is small. Given the high amount of P remaining in the soil and the massive decline in grain 
and stover yield (100<150<250 kg P ha-1) respectively a more efficient management strategy for this soil 
would be to apply small amount of P to each crop as indicated in the seasonal applications treatments. 
Use of large doses of P such as 250 P with or without seasonal additions of P may in the long term be 
expensive to the farmers and thus the cost effectiveness of these large amounts must be compared to the 
low rates with or without seasonal additions. Preliminary modeling findings indicate that labile pool 
decreased with cropping period due to net transfer to the stable pool and crop uptake. Data analysis is in 
progress to quantify the actual sizes of labile and stable pools and possible recommendation of the 
optimal rate of P for this site. 
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Table 15. Maize grain and stover yield in t ha-1 as affected by different P rates.
Grain LR1998 SR1998 LR1999 SR1999 LR2000 SR2000 LR2001 SR2001 LR2002 SR2002 Total 
yield
0P 0.32 0.02 0.48 0.54 0.47 0.16 0.57 0.21 0.15 0.17 3.09 
15P 1.68 0.07 0.88 0.94 0.70 0.52 0.94 0.22 0.22 0.18 6.35 
30P 2.85 0.15 1.35 1.18 0.86 0.46 0.96 0.31 0.28 0.27 8.67 
50P 3.64 0.37 3.48 1.66 1.38 0.75 1.33 0.36 0.44 0.58 13.99 
100P 3.95 0.66 4.04 3.27 2.55 1.53 2.18 0.55 0.73 0.76 20.23 
150P 5.14 0.73 5.56 4.22 4.18 2.62 3.47 1.30 1.22 1.32 29.75 
250P 4.84 1.07 6.38 4.78 4.69 3.49 4.39 1.43 1.72 2.24 35.03 
250P+30P (TSP) 6.01 1.34 6.84 5.09 5.91 4.56 5.70 3.02 3.74 4.35 46.55 
100P+7P (Manure) 5.19 0.81 5.40 4.05 3.83 2.64 4.41 1.26 2.53 2.67 32.78 
100P+7P (Tithonia) 3.50 0.75 5.15 4.21 4.06 2.92 4.91 1.68 2.43 3.40 33.01 
100P+7P (TSP) 4.30 0.83 4.26 4.34 4.62 3.13 4.12 1.59 2.21 2.75 32.16 
            
Stover            
0P 1.23 0.96 1.80 1.66 1.16 0.79 1.29 1.22 0.95 0.78 11.83 
15P 2.76 1.62 2.26 2.71 1.56 1.53 1.76 1.32 1.30 1.08 17.90 
30P 3.53 2.37 2.38 2.74 1.89 1.52 1.56 1.22 1.38 1.19 19.78 
50P 3.35 2.99 5.06 3.59 2.29 1.89 2.43 1.58 1.82 1.37 26.38 
100P 4.47 3.58 4.74 4.35 3.19 2.66 2.52 2.00 2.07 2.19 31.76 
150P 4.75 4.26 5.84 4.84 3.77 4.38 3.81 2.68 2.53 2.78 39.65 
250P 4.74 4.51 6.03 6.09 4.77 4.43 3.66 2.89 2.91 3.79 43.83 
250P+30P (TSP) 5.26 4.25 7.73 6.70 5.98 6.52 6.27 4.02 4.18 6.22 57.11 
100P+7P (Manure) 6.14 5.03 5.94 4.96 3.90 3.53 3.76 3.24 4.16 4.57 45.22 
100P+7P (Tithonia) 3.72 4.09 5.77 5.29 4.61 4.13 4.44 2.99 3.82 4.10 42.96 
100P+7P (TSP) 4.30 4.50 4.27 5.22 3.64 3.55 4.13 2.79 3.12 4.64 40.17 
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Table 16. Effects of phosphorus addition on added benefits and cost in USD for 10 successive maize cropping 
seasons in western Kenya. 
P rate Total added costs
over 10 seasons 
(USD ha-1)
Total added benefits
over 10 seasons 
(USD ha-1)
Net benefits over 10 
seasons
(USD ha-1)
15P 93 642 549 
30P 169 1056 887 
50P 312 2065 1753 
100P 533 3164 2631 
150P 819 4890 4071 
250P 1122 5698 4576 
100P + 7P (TSP) 891 5306 4415 
100P + 7P (Tithonia) 1863 4526 2663 
100P + 7P (Manure) 1064 5340 4276 
250P + 30P (TSP) 1889 7415 5526 
Fig Resin extractable P as affected by varying rates of P ferilizer during the cropping period. 






































Figure 23. Resin-extract  P as affected by varying rates of P fertilizer during the cropping period
considered. Error bars are SEDs.
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Output target 2008 
? The social, gender, and livelihood constraints and priorities affecting the sustainable use of soils 
have been identified, characterized, and documented through case studies using innovative 
methods
Published work 
Kuczak1, C.N., Fernandes1, E.C.M., Lehmann1, J., Rondón2, M.A. and Luiz?o3, F.J.  (2006) 
Inorganic and organic phosphorus pools in earthworm casts (Glossoscolecidae) and a Brazilian 
rainforest Oxisol. Soil Biology and Biochemistry 38(3): 553-560 
1Cornell University, Ithaca, USA; 2TSBF-CIAT, Cali, Colombia; 3INPA, Manaos, Brazil 
Abstract: We compared differences in soil phosphorus fractions between large earthworm casts (Family 
Glossoscolecidae) and surrounding soils, i.e., Oxisols in 10 year-old upland agroforestry system (AGR), 
pasture (PAS), and secondary forest (SEC) in the Central Brazilian Amazon. AGR and PAS both received 
low-input fertilization and SEC received no fertilization. We found that earthworm casts had higher levels 
of organic hydroxide P than surrounding soils, whereas fertilization increased organic hydroxide P. 
Inorganic P was increased by fertilization, and organic P was increased by earthworm gut passage and/or 
selection of ingested materials, which increased  available P (sum of resin and biocarbonate fractions) and 
moderately available P (sum of hydroxide  and dilute acid fractions), and P fertilizer application and land-
use increased available P. The use of a modified sequential P fractionations produced fewer differences 
between earthworm casts and soils than were expected. We suggest the use of a condensed extraction 
procedure with three fractions (Available P, Moderately Available P, and Resistant P) that provide an 
ecologically based understanding of the P availability in soil. Earthworm casts were estimated to 
constitute 41.0, 38.2, and 26 kg ha-1 of total available P stocks (sum of resin and bicarbonate fractions) in 
the agroforestry system, pasture and secondary forest, respectively. 
Rondón1, M., Lehmann2, J., Ramírez1, J. and Hurtado1, M. (2006) Biological nitrogen fixation by 
common beans (Phaseolus vulgaris L.) increases with bio-char additions. Biology and Fertility of 
Soils. SpringerLink Date of publication online.  Friday, November 24, 2006.
1TSBF-CIAT, Cali, Colombia; 2Cornell University, Ithaca, USA
Abstract: The study examines the potential, magnitude, and causes of enhanced biological N2 fixation 
(BNF) by common beans (Phaseolus vulgaris L.) through bio-char additions (charcoal, biomass-derived 
black carbon). Bio-char was added at 0, 30, 60 and 90 g kg-1 soil, and BNF was determined using the 
isotope dilution method after adding 15N-enriched ammonium sulfate to a Typic Haplustox cropped to a 
potentially nodulating bean variety (BAT 477) in comparison to its non-nodulating isoline (BAT 477NN), 
both inoculated with effective Rhizobium strains. The proportion of fixed N increased from 50% without 
bio-char additions to 72% with 90 g kg-1 bio-char added. While total N derived from the atmosphere 
(NdfA) significantly increased by 49 and 78% with 30 and 60 g kg-1 bio-char added to soil, respectively, 
NdfA decreased to 30% above the control with 90 g kg-1 due to low total biomass production and N 
uptake. The primary reason for the higher BNF with bio-char additions was the greater B and Mo 
availability, whereas greater K, Ca, and P availability, as well as higher pH and lower N availability and 
Al saturation, may have contributed to a lesser extent. Enhanced mycorrhizal infections of roots were not 
found to contribute to better nutrient uptake and BNF. Bean yield increased by 46% and biomass 
production by 39% over the control at 90 and 60 g kg-1 bio-char, respectively. However, biomass 
production and total N uptake decreased when bio-char applications were increased to 90 g kg-1. Soil N 
uptake by N-fixing beans decreased by 14, 17, and 50% when 30, 60, and 90 g kg-1 bio-char were added 
to soil, whereas the C/N ratios increased from 16 to 23.7, 28, and 35, respectively. Results demonstrate 
the potential of bio-char applications to improve N input into agroecosystems while pointing out the need 
for long-term field studies to better understand the effects of bio-char on BNF. 
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Completed work 
Overcoming the limitations for implementing conservation farming technology in the Fuquene 
watershed in Colombia by integrating socioeconomic and biophysical research with financial 
mechanisms  




FUNDESOT, Colombia  
The Fuquene Lake in the Andean region of Colombia has been progressively invaded by aquatic 
vegetation. Nowadays, about 80% of the original lake surface is entirely covered by these aquatic plants 
and some of these parts of the lake are fully filled with sediments. Due to the high degree of degradation, 
the restoration and conservation of this lake has become one of the main objectives for the Colombian 
environmental authorities since it can affect 27 aquaducts that are supplied by the lake. 
During 2005, a research study supported by the Water & Food Challenge Program (WFCP) and the 
Andean Watershed Project (AWP) of GTZ and CONDESAN, found that by implementing conservation 
farming practices in the prioritized areas of the Fuquene watershed the negative environmental 
externalities can be reduced by about 50% while the net income and employment opportunities could be 
increased. To enhance the adoption of these practices, the project team initiated a financial mechanism to 
investigate if the suspected restricted financial capacity of small farmers was constraining this 
technological change in the watershed.  
In 2006, the project systematized this experience by describing the entire process, from the research stage 
to the investment actions. To make this systematization exercise the GTZ provided previously a course to 
build this capacity in the research team. Subsequently, conservation farming practitioners and traditional 
farmers were interviewed in order to find out their response to the following questions: what are the main 
benefits of the mechanisms, what are the constraints for adopting conservation farming, to what extend 
the farmers are aware of the environmental services they are providing, and what are the difficulties 
encountered during the process? The entire process is described including the creation of strategic 
partnerships between research and development organizations, the research activities and its results, and 
the design, application and benefits of the financial mechanism. In addition, lessons learned were 
extracted with the aim of providing insights to other organizations interested in designing economic and 
financial instruments for promoting SLM. 
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Output target 2009 
? Decision tools for soil biota and nutrient management developed and disseminated to stakeholders 
Work in Progress 
Improved soybean varieties screened in five locations by farmers in western Kenya: Physical 
characteristics and grain quality.  
O. Ohiokpehai and B. King’olla 
TSBF-CIAT, Kenya 
A farmer participatory approach was used to evaluate 12 soybean varieties for their grain quality at full 
podding in five locations (Oyani, Riana, Kasewe, Akiites, and Mabole) in western Kenya. These 
comprised of 11 improved varieties (TGx1871-12E, TGx1895-4F, TGx1895-33F, TGx1895-49F, 
TGX1878-7E, TGx1893-7F, TGx1893-10F, TGx1740-2F, TGx1448-2E, NAMSOY 4m, and MAKSOY 
1n) and one local variety (Nyala). 
The physical property of the grain is a good indicator of how well the varieties will process. Large, round 
and same size grains are easier to process than small sized grains. As for the color, yellow to cream 
colored grains are the preferred ones for processing especially in the large-scale industry. With a yellow-
cream colored grain it is easier to process because other colour addition (e.g. spices) from other sources 
without over-colouring the food product and the more creamy food products are the easier to sell. Most 
customers buy with their eyes and preference is given to creamy food products.  
Grain quality was determined through the analysis of the moisture content, protein, fat and ash for these 
varieties. Based on their protein content for end use, these varieties were classified into three categories 
(high, medium, and low protein content). Soybean varieties with protein content of ?38% were classified 
as High. These varieties are ideal for home consumption and for fortification purposes (often carried out 
by industries). The other categories are Medium and Low which could be good for livestock and oil 
extraction. For oil extraction the higher the oil content (18-20 percent), the better (especially if the protein 
content is low also). The breeder’s material could be of low protein and oil, but varieties must be resistant 
to pest and/or diseases and subsequently can be crossed for its particular goodness.  
The physical properties of the grains were determined by colour, shape and weight of 100 corns. The 
ideal weight of 100 corns of soybean for industrial use ranges between 18-20 grams. Data processing was 
carried out using SPSS.
Results of analysis of the eleven TGX varieties compared to local one (e.g. Nyala) based on agronomic 
treatments showed that three varieties belonged to high protein category. The other varieties belong to 
medium protein content category. The percentage protein or oil of varieties with the different treatments 
did not differ significantly from control (p?0.05) (Table 17).  
The physical characteristics of some the grains showed that most of them had yellow to cream colour, and 
some immature ones had green colour on the outer coat.  
The weight of 100 corns of the grains ranged between 6 and 18 grams. As explained earlier the best 100 
corn weight should range between 18-20 grams for industrial use.  
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Table 17. Comparison of the average percentage protein and oil as per the treatments used within 
varieties.
Percentage protein Percentage Oil Varieties 
Control P P+L P+L+N Total Sig Control P P+L P+L+N Total Sig 
Maksoy 1 38 24 32 39 32 NS 18 20 18 18 18 NS 
Namsoy 4 35 37 35 40 37 NS 18 19 19 20 19 NS 
Nyala 35 34 33 37 35 NS 21 22 21 21 21 NS 
SB14 41 38 45 41 41 NS 17 16 16 16 16 0.05 
SB15 36 32 36 32 34 NS 19 18 19 19 19 NS 
SB17 37 39 38 38 38 NS 19 20 19 19 19 NS 
SB19 38 38 36 41 38 NS 19 19 18 18 18 NS 
SB4 37 36 39 43 38 NS 19 19 18 19 19 NS 
SB6 37 40 40 35 38 NS 17 19 19 18 18 NS 
SB8 37 35 43 44 40 NS 19 17 17 17 17 NS 
SB9 37 36 34. 40 36 NS 19 21 18. 18 19 NS 
NS= Not significant  
P: Phosphorus; L: Lime; N: Nitrogen 
Most of the varieties in this screening exercise were good for home consumption and the local variety 
(Nyala) and the improved one (Maksoy 4M) were ideal for industrial use. However, the yields from Nyala 
are generally low and only can be used if the TGX varieties were crossed with them to improve their 
yield. Thus far the agronomic treatments used in this study had no effect in improving grain size (Table 
18). Also, the effect of fertilizer on protein content of the varieties was not as clear and more focus 
experimentation must be carried out. However, the data collected confirmed that the higher the protein 
content the lower the oil content (Figure 24). 
Table 18. Comparison of mean soybean weight of 100 corns (g) by treatments.
TreatmentsImproved Varieties 
Control P P+L P+L+N Total 
Significance
(Treatments)
MakSoy 1n 12 12 13 8 11 NS 
NamSoy 4m 17 17 16 18 17 NS 
Nyala 14 16 15 16 15 NS 
TGX 1878-7E (SB14) 12 10 11 9 10 NS 
TGX 1893-7F (SB15) 11 11 12 9 11 NS 
TGX 1893-10F (SB17) 11 11 11 12 11 NS 
TGX 1740-2F (SB19) 11 11 11 11 11 NS 
TGX 1448-2E (SB20) 10 10 10 11 10 NS 
TGX 1871-12E (SB4) 9 10 10 10 9 NS 
TGX 1895-4F (SB6) 10 8 11 11 10 NS 
TGX 1895-33F (SB8) 13 12 12 12 12 NS 
TGX 1895-49F (SB9) 10 9 10 11 10 NS 
NS=Not significant. Treatments: P= +Phosphorus; P+L= +Phosphorus and Lime; P+L+N= +Phosphorus, 
Lime and Nitrogen. Control= no treatments. 
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Figure 24. The relationship between percentage protein and oil in soybean grain. 
















Output target 2009 
? Knowledge on relationships between soil fertility status and the nutritional quality of bio-fortified 
crops is used by development partners to target production of these crops 
Progress towards this output target will be reported next year. 
Output target 2009 
? Sufficient knowledge on mechanisms driving tolerance to drought and low soil P is available to 
guide breeding efforts 
Progress towards this output target will be reported next year. 
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Progress towards achieving output level outcome
? Principles, concepts and methods inform technology and system development
The objective of Output 1 is to develop methods and principles that underlie efforts to improve the health 
and fertility of soils. Such international public goods (IPGs) foster innovative soil management strategies 
and inform the technology development and adaptation processes conducted in Output 2.  This output has 
two aspects: one is the improved understanding of the process informing the development of technologies 
and systems that improve the fertility of soils and soil health; and the second aspect concerns the 
contribution of the improved soil health and fertility to resilient production systems and sustainable 
agriculture.
Development of principles, concepts and methods involve continuous and detailed review of the literature 
to identify key research questions and research gaps, that are translated into laboratory, greenhouse and 
field experiments with increasing on-farm research activities. Robust techniques for analyzing 
heterogeneity of socio-economic and biophysical factors influencing soil fertility management and soil 
fertility outcomes have now been developed, tested, and applied in a diversity of environments and socio-
cultural settings. Research has focused more and more on land management practices, like agroforestry, 
reduced-till and crop-livestock systems, and their possible impacts of soil fertility and the natural resource 
base.
Impacts evaluated range from changes in populations of soil microorganisms, changes in soil organic 
matter, soil P pools and water infiltration, changes in nutrient use efficiency in response to organic and 
inorganic nutrient sources, to changes in nutrient and resource flows at the farm and village scales in 
Africa and Latin America.  Greater insights have been gained by the careful consideration of the agro-
ecological and socio-economic contexts where these land management practices are tested thus increasing 
our capacity to develop relevant technologies and methods for sustainable land management.  The studies 
into resource allocation on farm and soil fertility gradients within and across farms, are an example. 
Several studies on fallow management (looking at options for ISFM/nutrient management strategies and 
the effect on crop performance, fallow management for recovery of soil fertility status, effect of manure 
application on soil organic matter fractions and soil health status and the like) have greatly contributed to 
our insight on how such technologies can be applied to improve the natural resource base within the 
context of the farming system.  
Studies into historical land management practices help to identify possible new technologies and practices 
(e.g. work on bio-char). In many ways these studies, apart from developing principles and concepts, are at 
the same time a test of technologies developed, like the high fertility trenches technology for hillsides.  
Investigation of the applicability of conservation agriculture in different systems has confirmed 
opportunities for introduction of no-till systems on the Colombian savanna Oxisols. Though the basic 
principles of conservation agriculture are known, their short and long-term effects on the natural resource 
base, and the applicability to different management systems (in Africa and elsewhere) need to be further 
investigated.
In relation to below-ground biodiversity (BGBD) and the role of soil organisms in maintaining soil 
fertility and sustaining agricultural production, the inventory of BGBD in many different benchmark areas 
has contributed significantly to our insights of what is actually there (including new species discovered) 
and the impact of changing land use on the abundance and diversity of soil organisms belonging to 
various functional groups. The BGBD project has successfully concluded its first phase and a publication 
summarizing common standard methodologies for soil biodiversity inventory has been completed after 
validation across carefully selected benchmark sites in Brazil, India, Indonesia, Ivory Coast, Kenya, 
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Mexico and Uganda. Continuing studies into the mechanisms by which soil organisms interact with the 
other biological components helps us to understand the role and function of these particular soil 
organisms (e.g. suppression of soil borne pest and diseases), as indeed a basis for developing technologies 
that conserve or enhance the provision of ‘soil based’ ecosystem services. Investigation on the awareness 
and knowledge of farmers about soil organisms and their beneficial or harmful effects, help to develop 
management options, of which options for managing earthworm populations may be the most advanced.   
Identification of appropriate indicators of soil quality has remained an elusive exercise because it has 
been complicated by the need to simultaneously address the multiple dimensions of soil function (i.e. 
ecosystem services), the many physical, chemical and biological factors controlling biogeochemical 
processes as well as their variability in space and over time.  Intensive work with a large number of 
farmers groups in various locations in Africa and Central America has documented a diversity of rich, 
context-specific knowledge, priorities, and constraints of smallholders relating to soil fertility 
management. An innovative community-based learning strategy has successfully stimulated the growth of 
a “dynamic expertise” that combines local and outsiders’ soil fertility management knowledge, and may 
be used elsewhere as a framework for interaction between farmers, scientists and extension workers with 
a view towards scaling this expertise up and out using local networks and institutions.  
Approaches and methodologies to integrate local and scientific indicators of soil quality aim to 
incorporate local demands and perceptions of soil management constraints as an essential input to 
relevant research for development activities as well as to empower local communities to develop soil 
quality monitoring and decision-making systems for better management of the soil resource.  Farmers 
need early warning signals and monitoring tools to help them assess the status of their soil, since by the 
time degradation is visible and land productivity reduction evident, it is either too late or too costly to 
reverse it.  Furthermore, the costs of preventing reductions in land productivity are often several times 
less than costs of remedial actions. Conventional approaches to land quality assessment have looked at the 
physical and/or chemical characteristics of the soil.  More recent approaches, however, have included 
integrative measures like Near Infrared Reflectance Spectrometry (NIRS) and biological measures to 
assess soil quality.  Biological indicators have the potential to provide early warning because they can 
capture subtle changes in land quality as a result of their integrative nature that simultaneously reflects 
changes in physical, chemical and biological characteristics of the soil.   
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Progress towards achieving output level impact  
? Improved soil health and fertility contribute to resilient production systems and sustainable 
agriculture
In Output 1, the physical, chemical and biological dimensions of soil research have been addressed. 
Nevertheless it is only in few cases when all dimensions have been studied in the same place and the 
same time in conjunction with labour and market constraints as proposed by the ISFM paradigm.  Soil 
fertility decline is not a simple problem as it interacts pervasively over time with a wide range of other 
biological and socio-economic constraints to sustainable agroecosystem management. It is not just a 
problem of nutrient deficiency but also of inappropriate germplasm and cropping system design, of 
interactions with pests and diseases, of the linkage between poverty and land degradation, of often 
perverse national and global policies with respect to incentives, and of institutional failures. Tackling soil 
fertility issues thus requires a long-term perspective and holistic approach. 
As indicated above much of the work on principles, concepts and methods to inform technology and 
system development does consider the contribution to resilient production systems and sustainable 
agriculture as well. To a certain extent these are implicit in the studies undertaken. The ex-ante studies 
that have been undertaken to evaluate the viability of proposed technologies address these concerns more 
explicitly. Monitoring and evaluation and impact studies are increasingly becoming an integral part of our 
research projects. Attention will be devoted to impact assessment, with a participatory nature, of the 
technologies introduced. For example, the work to identify and validate indicators of soil quality, 
including biological quality, using replicable methodology under smallholder conditions to support 
farmers’ experimentation with soil fertility management options will feed directly into the impact 
assessment studies.  
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Output 2 
Economically viable and environmentally sound soil, water, 
and nutrient management practices developed and tested by 
applying and integrating knowledge of biophysical and 
socioeconomic processes 
113
Output 2: Economically viable and environmentally sound soil, water, and 
nutrient management practices developed and tested by applying and 
integrating knowledge of biophysical and socioeconomic processes
Rationale
Process level information needs to be translated into sustainable soil fertility and land management 
practices, adapted to the environment in which these practices will be implemented. These environments 
are characterized by biophysical and socioeconomic traits and those can vary at different scales, from the 
household (e.g., different access to resources) to the watershed (e.g., different inherent soil quality across 
landscapes) to the region (e.g., different policy frameworks related to natural resource management). 
Integration of these factors in the development of sustainable soil fertility and land management practices 
and understanding on how these factors influence the final outlook and components (e.g., varieties, use of 
inputs) of these practices is a crucial strategic research issue addressed in this output.  
Practices addressed in this output are touching upon various aspects of soil fertility and land management 
and address the management of these natural resources in the broadest sense, far beyond agricultural 
production per se. Such aspects include the management of nutrient cycles, belowground biodiversity, 
ecosystem services, and erosion control. Certain practices are targeting one of these aspects while others 
are rather integrating more aspects. In terms of improved nutrient cycling, efforts are made to integrate 
the supply and the demand side for nutrients, and to enhance the use efficiency of organic and mineral 
inputs. Traditionally, soil fertility management has addressed the supply side of nutrients through 
concepts such as synchrony, but it is equally important to include the appropriate germplasm that will 
drive the demand for those nutrients, in soil fertility management strategies.  
Efficient use of inputs can be achieved through integration of mineral and organic inputs and targeting 
soil fertility niches at the farm and landscape scale. Translating strategic information on belowground 
biodiversity in management practices is expected to happen through management of specific biological 
pools through cropping system diversification or inoculation or through management of the physical 
conditions of the soil by integrating conservation agricultural principles. Soil-based ecosystem services 
are very much related to the quality/quantity of the soil organic matter pool and the regulation of 
greenhouse gas production and sequestration. Consequently, management of organic resources is 
paramount to implementing soil fertility and land management practices enhancing ecosystem services. 
Finally, diversification of contour structures and building up of an arable layer of soil is expected to drive 
the generation of practices restricting erosion and soil physical degradation. 
While the above activities are focusing on the technical dimensions of the technology development and 
evaluation phase, specific activities addressing the socio-economic and policy constraints to the adoption 
of these options are simultaneously covered. Finally, Output 2 is expected to deliver enhanced farmer 
capacity to translate best principles for soil and land management into practices that are appropriate to 
their environment and decision aids, condensing that knowledge, for dissemination beyond the sites 
where this knowledge has been generated.
Key research questions: 
1. What are the key components (labor, fertilizers, germplasm, BGBD, etc.) to manage in a given 
context for increased profitability, system productivity, and resilience? 
2. How can we optimize the benefits between production and resource conservation? 
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Highlights
? In a major banana production area in Central Kenya, there was a clear indication that fertilizer 
affects banana growth and production. The ratios and types of fertilizer determined the rate of 
growth, maturity and size of banana bunches. Aboveground biomass, banana maturity and bunch 
weights were greatly enhanced by application of full fertilizer rates. Potassium fertilizer was 
important for bunch formation, and N affected biomass production. Phosphorus and 
micronutrients were important in enhancing all growth parameters.  
? Even though agriculture is the main source of income and other aspects of improved livelihoods 
in western Kenya, households tended to pay less attention to farm input-related expenses (mineral 
fertilizers, organic manure, seeds, etc.) when allocating their little financial resources. Preference 
is often given to items such as paraffin, food, health and medication and social contributions 
? Wealth inequality was found to be high among rural households in western Kenya. This was in 
terms of both household wealth (with a Gini-coefficient of 0.52) and per capita wealth (with a 
Gini-coefficient of 0.55). 
? Intercropping is one of the ways of ameliorating the productivity of land and other inputs and can 
be used by small-scale farmers primarily to increase the diversity. For production of quality and 
high yielding grains, the soils must be very fertile. The importance of using double row 
intercropping system as a best- bet method in increasing food security high in nutritional value 
was confirmed.
? Showed that the rotational systems (maize-soybean green manure and maize-pastures) improved 
the soil conditions to implement the no-till or minimum tillage systems on Colombian savanna 
oxisols.
? Ex-ante evaluation of the costs and benefits of different options of introduced crop-livestock 
systems at the farm scale to quantify the impact of diversified production systems indicated that 
the economic impact of the improved systems with the build up of an arable layer at the regional 
level was estimated at US$239 million.
? Found significantly higher maize grain yields under no-till agropastoral systems as compared to 
the same systems under minimum tillage and showed that maize yields on native savanna soils 
were markedly lower than in the rest of the agropastoral systems, indicating the need for 
improved soil conditions in subsoil layers for root growth of maize. 
? Showed that the residual effects of building an arable layer can be detected on subsequent crop 
yields of maize.
? Showed that the apomictic natural accession B. brizantha CIAT 6294 and the apomictic hybrid 
cultivar Mulato 2 (CIAT 36087) could produce greater amounts of live shoot biomass (forage) 
with maintenance fertilizer application. The productivity of these two genotypes was superior to 
B. decumbens CIAT 606 and this superior performance was associated with coarse root 
development.
? Showed that in Quesungual Slash and Mulch Agroforestry System (QSMAS) systems soil losses 
by runoff were greater at the beginning of the rainy season than during the rainy season except in 
slash-and-burn system where soil losses occur all the time and even raise at the end of the rainy 
season.
? Showed that the presence of stones in the soil is one of the factors improving the performance of 
Quesungual system during the dry season. Found that soil with stone proportion of up to 60% do 
not restrict total biomass (shoot + root) production of maize with high and intermediate frequency 
of water application but the presence of stones between 40 to 60 % volume of soil can markedly 
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improve soil moisture retention and therefore improve maize plant growth under low frequency 
of water application that simulates drought conditions. 
? Studies on soil physical characterization and water dynamics in the fallows of Quesungual system 
indicated very highly significant positive correlation between root biomass and available water 
holding capacity in soil.
? Showed that Quesungual system of older than 10 years minimized soil losses by reducing runoff 
and improving water infiltration. 
? Preliminary studies on nitrogen and phosphorus dynamics in Quesungual systems showed that the 
total pools of N and P were maintained or even incrased in the plots of over ten years of the use 
of the system. 
? Quantified fluxes of greenhouse gases (GHG), nitrous oxide (N2O) and methane (CH4) in three 
Quesungual farms during two years and found that these farms were sinks for methane.
? Estimated firewood use in rural and urban communities in Candelaria of southern Lempira, 
Honduras and found that Quesungual system is an important source of firewood for domestic 
consumption and farmer preferred trees for firewood are Cordia alliodora and Diphysa 
americana.
? Established Quesungual plots in La Danta watershed in Somotillo, Nicaragua to compare with 
crop residue management, slash-and-burn and fallow systems and monitored maize yield for two 
seasons to validate the system.  
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Output target 2007
? Banana, bean and cassava-based systems, with the relation between pest, diseases and ISFM as 
entry point, including novel cropping sequences, tested and adapted to farmer circumstances in 
Africa
Completed work 
Arbuscular mycorrhizal dependency of different tissue cultured banana cultivars 
M. R. Mwajita1, B. Vanlauwe2, J. M. Jefwa2,3, L. K. Ruto1, D. Odee4, A. Essen5 and E. M. Kahangi1
1JKUAT, Kenya; 2TSBF-CIAT,Kenya; 3National Museums of Kenya; 4KEFRI, Kenya; 5KU Leuven, 
Belgium
The mycorrhizal dependency of different tissue cultured banana cultivars on AMF was determined under 
glasshouse conditions. Five most popular commercial dessert banana cultivars from Kenya and four 
plantain cultivars from Uganda were treated with four AMF species (Glomus etunicatum, G. intraradices, 
G. mosseae and Gigaspora albida) and a control. The two-factor experiment was laid out in randomised 
complete block design (RCBD) with each treatment replicated five times. Mycorrhization was done 
during the hardening stage. After deflasking, the banana cultivars were planted into hardening trays and 
maintained under mist conditions. Modified Hewitt nutrient solution was applied twice per weeks at the 
rate of 100 ml pot-1 and plants were maintained for eight weeks. Three sequential harvests were done at 8, 
18 and 22 weeks after inoculation at which four plants per treatment were harvested. After 8 weeks the 
remaining plants were transplanted into 1 litre plastic containers. At each harvest, fresh weight of shoots 
and roots and leaf surface area were recorded. Fresh roots were then processed to assess mycorrhizal 
colonization. Relative mycorrhizal dependency (RMD) of the various cultivars was calculated. The oven-
dried shoot samples were analysed for macronutrients. Analysis of variance with GENSTAT version 8 
analytical package was carried out on all data to test the treatment effects on the various measured 
parameters. Means were separated by Fisher’s test (p?0.005). In general, banana plantlets are highly 
dependent on mycorrhizae association with plants inoculated with Glomus species performing better than 
those inoculated with Gigaspora albida and the control in all parameters taken (Table 19). There were 
significant variations in effectiveness of the AMF species and response of banana cultivars due to the 
different RMD observed (Table 20). Shoot samples of plants inoculated with Glomus species had 
significantly higher nutrient contents compared to the Gi. albida and the non-inoculated plants (Table 21). 
On-farm Interaction between soil fertility factors, farmer management, pest and diseases on the 
yields of banana (Musa spp.) in Maragua district of Kenya. 
M. O. Okumu1, B. Vanlauwe2, P. Van Asten3, E. M. Kahangi1, S. Okech1 and J. M. Jefwa2,4
1JKUAT, Kenya; 2TSBF-CIAT,Kenya; 3IITA, Uganda; 4National Museums of Kenya   
The phenomenon of progressive yield decline in bananas has been reported extensively world wide. 
Several causes have been suggested, which include pests, diseases, farmer management as well as decline 
in soil fertility. However, the real causes have not been clearly understood, since most studies have not 
been able to capture the interactive influences between these yield decline causes. Since the farmer 
attempts to achieve higher yields by manipulating the crop’s agro-ecosystem, this study aimed at 
capturing the causes of yield variability within the farms, and amongst farmers of different resource 
endowment levels. A 14 month on-farm monitoring was done in Maragua district, Central Kenya.  The 
farm gradient was from upper, mid and lower part, close to away from the homestead. Ten randomly 
selected farms of low, middle and high income farmers and a popular banana cultivar, the Giant 
Cavendish, were monitored. Environmental factors such as soil nutritional status within the banana mats, 
allometric measurements of plant growth, pests and disease incidences and plant performance and 
detailed farmer management practices were recorded and quantified. 
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Table 19. Effect of Glomus and Gigaspora species on the development and colonization of combined 













22 weeks after 
inoculation
       
Control 2.41 a 1.99 a 0.39 a 3.19 a 39.2 a 0.00 a 0.00 a 
Gi. albida 2.08 b 1.45 a 0.34 b 2.28 b 40.6 a 0.00 a 0.00 a 
G. mosseae 6.18 c 9.33 b 1.44 c 8.63 c 175.1 b 65.56 b 68.14 b 
G.intraradices 7.36 d 12.61 c 1.90 d 10.29 d 234.5 c 84.42 c 79.25 c 
G.etunicatum 6.92 e 12.08 c 1.95 d 9.96 d 219.5 d 80.16 d 78.32 c 
Fisher’s test (p<0.05) Orthogonal comparisons of treatment means. Within each column numbers 
followed by the same letter are not significantly different. 
Ht = Height; SFW = Shoot fresh weight; SDW = Shoot dry weight;  
RFW = Root fresh weight; LSA = Leaf surface area;  
AMF F% = AMF frequency percent; AMF I% = AMF intensity percent  
Table 20. Relative Mycorrhizal Dependency (%) of banana cultivars 22 weeks after inoculation with 
different AMF species. 
Relative Mycorrhizal Dependency (RMD %)
AMF species Glomus mosseae Glomus intraradices Glomus etunicatum
Cultivars    
Grand Nain 32.24 ab 44.12 ab 37.97 ab
Giant Cavendish 41.04 ab 45.53 ab 46.10 ab
Valery 49.66 a 52.89 ab 60.95 a
William’s Hybrid 50.23 a 54.67 a 37.48 ab
Kampala 37.95 ab 18.14 bc 50.31 a
Kisansa 23.47 abc 37.88 abc 30.06 ab
Nakitembe 6.99 bc 51.72 ab 29.02 ab
Mbwazirume 23.32 abc 6.13 c 8.20 b
Mpologoma 7.11 bc 40.16 ab 54.07 a
Table 21. Nitrogen and Phosphorus content in shoots of different banana cultivars.
AMF species / Time Nitrogen (mg kg-1) Phosphorus (mg kg-1)
Control 982 a 23.3 a
Gi. Albida 698 b 20.7 a
G. mosseae 2635 c 127.5 b
G. intraradices 3503 d 191.0 c
G. etunicatum 3756 d 171.1 c
Fisher’s test (p<0.05). Within each column numbers followed by the same letter are not statistically 
different. 22 weeks (n = 3). 
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Soil factors were the most yield limiting factors accounting for 67% of yield limitations, farmer 
management factors 23% and pests and diseases accounting for only 10% of all yield limitations. The soil 
constraints were low pH, imbalances between K and Mg, inadequate levels of soil N, and high C/N ratios 
in the subsoil. Farmer management constraints were excessive leaf pruning (16%) and high plant densities 
(7%). The most prevalent pest was nematodes (Radopholus similes) which caused only 3% yield 
limitations and a condition similar to yellow sigatoka (Mycosphaerella musicola) which accounted for 
only 7%. There was no difference in yields amongst farmers of different resource levels, but the yields 
nearest the homesteads were significantly higher than the yields furthest from the homesteads. However, 
the causes of better spatial yield trends were different amongst the different resource endowment levels.
The poorer farmers were favored by higher soil N levels and higher soil pH, whereas the richer farmers 
were favored by better management but constrained by low soil pH and low soil N. Improving yields 
among poor banana farmers should target at improving their management of the plantations, whereas the 
richer farmers should focus more on soil improvements. The mid-class farmer had a mix of the problems 
facing the poor and the rich, hence had the most yield limitations, but the highest average yields. Research 
for banana yield improvement in Central Kenya should focus more on the complex interactions between 
K and Mg at various pH, soil organic matter management. Research on optimal plant densities coupled 
with optimal number of leaves to leave on the plant is vital in an area where zero grazing threatens plant 
leaf numbers. Pest and disease research should be aimed at areas where soil problems are not critical. 
Determination of the most limiting nutrients for East African highland banana production, as 
affected by pest and diseases 
J. Jefwa1, P. van Asten2, E. Kahangi3, Losenge3 and B. Vanlauwe1
1TSBF-CIAT,Kenya; 2IITA, Uganda;3JKUAT, Kenya
Although much soil fertility related studies in EA highland banana systems have been conducted, 
knowledge on optimal nutrition for banana production within the smallholder production context in East 
Africa is virtually non-existent. There is a lack of basic knowledge on how much nutrients the AAA-EA 
banana plant requires, what its potential production is under well fertilized conditions, what nutrients are 
limiting plant growth in different areas, and how much fertilizer needs to be applied to achieve the 
economic optimum for a certain target yield.  The objectives of the trial are to (1) identify what nutrients 
are limiting highland banana production on the trial sites, (2) to determine what the nutrient requirements 
are of highland bananas, (3) to identify/confirm what the critical and optimal nutrient concentrations are 
in different plant parts of highland bananas, (4) to estimate potential production of highland cooking 
banana, and (5) to determine recovery rates of fertilizers in highland cooking bananas, in order to allow 
the calculation of cost-benefits of different fertilizer recommendations. 
The trial was established in December 2004 with Giant Cavendish as the cultivar used. The design 
applied was a complete randomized block design with 4 replications, and the fertilizer rates recommended 
are:
? N – 400 kg ha-1, ½N – 150 kg ha-1; applied in the form of Urea  
? P – 50 kg ha-1; applied in the form of TSP 
? K – 600 kg ha-1, ½ K2O – 250 kg ha-1; applied in the form of KCl 
? Micronutrients: Mg – 60 kg ha-1, Zn – 6 kg ha-1, S (in Zn and Mg sulfates), 
? Molybdenum - 0.5 kg ha-1 (in Sodium Molybdate), Boron – 1 kg/ha (in Borax) 
? Pesticide: chemical treatment against nematodes and weevils (none of the treatments were treated 
except a control and a treatment with all nutrients applied – referred to as ‘all-pest’ and ‘con-pest’ 
in the text below). 
Plant spacing is 3x3 m, resulting to an individual plot size of 21x15 m or 35 plants per plot, with 
measurements taken from only 15 plants per plot. Individual plots within the same block are separated by 
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a 4m wide grass strip. Observations and samplings made in the trial include: (1) plant growth (girth, 
height, number of functional leafs, Leaf Area Index – based on estimated leaf size) at regular intervals 
(e.g. every 2nd/3rd month), (2) date of important growth stages (flowering, maturity), (3) incidence of 
diseases (time of occurring, which leafs affected and the severity in terms of leaf area % affected, or 
severity), (4) root nematode samples at flowering of 1 plant in each plot + measure root necrosis at 
flowering of the sampled plants, (5) composite samples of 3rd leaf, the 3rd midrib and the 7th petiole at 
large suckering stage - 6 months (for midrib and petiole maybe only in first year), just after flowering 
when the first male flowers appears, and at maturity, (6) fresh weight of different above-ground plant 
parts (pseudostem, leafs, and different bunch parts) at harvest, (7) sub samples of different plant parts at 
harvest for determination of humidity % and for chemical analysis in the lab, and (8) fruit 
quality/maturation measurements (post-harvest quality). 
Fertilizer application and types of combinations affected plant growth (Figure 25), bunch maturity (Figure 
26), and bunch weight (Figure 27) with the least observed in treatments without fertilizer and plots with 
incomplete fertilizer ratios.  Fertilizer application significantly (p< 0.001) affected bunch weight.  
Absence of phosphorus, micronutrients and nitrogen affected plant growth, rates of banana maturity and 
weight of bunches. Treatments with full fertilizer rates with or without pesticides consistently showed the 
highest growth, maturity of bunches and bunch weights. Absence of N resulted in slow growth, slow 
maturity and lower bunch weight.  There is also clear evidence K is essential in bunch formation since the 
absence of K reduced the rate of bunch formation. 
There is a clear indication that fertilizer affects banana growth and production. The ratios and types of 
fertilizer also determine the rate of growth, maturity and size of banana bunches. Above ground biomass, 
banana maturity and bunch weights are greatly enhanced by application of full fertilizer rates.  

























































































Figure 26. Percentage cumulative banana bunches harvested from each fertilizer treatment. 
Figure 27. Average bunch weight of bananas in ten fertilizer treatments. Error bar is SED. 
Potassium fertilizer is important for bunch formation, and N seemed to affect biomass production. Half 
rate N was however effective enhancing growth, maturity and bunch weight similar to full fertilizer rates. 
Phosphorus and micronutrients are important in enhancing all the three parameters. It is evident that 








































































Output target 2007 
? Benefits of agropastoral systems on crop productivity and soil quality quantified in acid soil 
savannas
Published work 
Basamba1, T., Barrios2, E., Rao2, I.M. and Singh1, B.R. (2006) Tillage effects on maize yield in a 
Colombian savanna oxisol: Soil organic matter and P fractions.  Soil and Tillage Research 91: 131-
142.
1Norwegian University of Life Sciences, Norway; 2TSBF-CIAT, Cali, Colombia 
Abstract: Soil organic matter (SOM) and phosphorus (P) fractions play a key role in sustaining the 
productivity of acid-savanna oxisols and are greatly influenced by tillage practices.  In 1993, a long-term 
experiment on sustainable crop rotations and ley farming systems was initiated on a Colombian acid-
savanna oxisol to test the effects of grain legumes, green manures, intercrops and leys as possible 
components that could increase the stability of systems involving annual cereal crops.  Five agropastoral 
treatments (maize monoculture – MM, maize-soybean rotation – MRT, maize-soybean green manure 
rotation – MGM, native savanna control – NSC, and maize-agropastoral rotation – MAP) under two 
tillage systems (no till – NT and minimum tillage – MT) were investigated.  The effects of NT and MT on 
SOM and P fractions as well as maize grain yield under the five agropastoral treatments were evaluated.  
Results showed that soil total carbon (C), N and P were generally better under no-till as compared to 
minimum-tilled soils while P fractions were also generally higher under no-till treatments. SOM fractions 
did not show any specific trend.  Seven years after establishment of the long-term ley farming experiment 
(5 years conventional tillage followed by 2 years alternative tillage systems), MT resulted into moderately 
higher maize grain yields as compared to NT.  The MGM rotation treatment had significantly higher 
values of maize yield under both tillage systems (4.2 Mg ha-1) compared to the NSC (2.3 Mg ha-1).
Results from this study indicate that the rotational systems (maize-soybean green manure and maize-
pastures) improved the soil conditions to implement the no-till or minimum tillage systems on Colombian 
savanna oxisols. 
Basamba1, T.A., Amézquita 2, E., Singh1, B.R. and Rao2, I.M. (2006) Effects of tillage systems on soil 
physical properties, root distribution and maize yield on a Colombian acid-savanna Oxisol. Acta 
Agric. Scand. 56:255-262. 
1Norwegian University of Life Sciences, Norway; 2TSBF-CIAT, Cali, Colombia 
Abstract: Tillage system may affect many soil properties, which in turn may alter the soil environment 
and consequently may impact on root growth and distribution, and crop yield. In 1993, a long-term field 
experiment on sustainable crop rotation and ley farming systems was initiated on a Colombian acid-
savanna Oxisol to test the effects of grain legumes, green manures, intercrops and leys as possible 
components that could increase the stability of systems involving annual crops. In the present study, five 
agropastoral treatments (maize monoculture, maize-soybean rotation, maize-soybean green manure 
rotation, native savanna, maize-agropastoral rotation) under two tillage systems (no tillage and minimum 
tillage) were investigated.  Lower bulk density and higher total porosity for all treatments and soil layers 
was found in no-till as compared to the minimum tillage system.   Between the two tillage systems, 
significantly higher maize grain yields (P<0.1) were obtained under no-till agropastoral treatments as 
compared to the same treatments under minimum tillage.  Maize yields on native savanna soils were 
markedly lower than in the rest of the treatments, indicating the need for improved soil conditions in 
subsoil layers for root growth of maize.  
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Completed work 
Strategies and opportunities for intensification and diversification of agropastoral systems in 
neotropical savannas of Colombia 
J. Voss, I. Rao, C. Lascano, E. Amezquita and L. Rivas 
CIAT, Colombia 
The world’s tropical savannas represent almost 43% of the arable land, out of which 27% is located in 
tropical America.  The savannas in South America cover approximately 270 million hectares (Mha), 
distributed as follows: 207 Mha in Brazil, 28 Mha in Venezuela, 17 Mha in Colombia, 14 Mha in Bolivia 
and 4 Mha in Guyana.  These savanna areas represent one of the last frontiers for agricultural expansion 
in the world. Starting in the 1970’s, Brazil, Colombia and Venezuela, experienced the replacement of 
native grasses for improved Brachiaria based pastures and this resulted in 2-fold increase in liveweight 
gain per animal and up to10 to 15-fold increase in liveweight gain per unit area.  
These grass alone pastures in the absence of proper management including application of maintenance 
fertilization led to pasture degradation. This degradation was further aggravated by susceptibility of 
widely planted grasses to an insect known as spittlebug. A major effort was made to introduce acid-soil 
adapted forage legumes to increase nitrogen supply to the system and improve and sustain higher levels of 
livestock production. However, the legume-based pasture technology was not widely adopted by farmers 
due to lack of persistence of the legume component over time and limited availability of seed in the 
market.
Following the emphasis on developing legume options, research in the last decade focused on developing 
improved grass cultivars (hybrids of Brachiaria) that combine adaptation to major biotic and abiotic 
constraints and crop components with acid soil adaptation (resistance to high levels of aluminum and 
tolerance to low levels of phosphorus), such as upland rice, maize, sorghum and soybean. This was a 
major collaborative effort involving CGIAR centers (CIAT, CIMMYT, and ICRISAT) and other partners 
including NARS (CORPOICA) and local universities (Universidad de los Llanos).
These forage and crop components were the entry points for developing more intensive and diversified 
agropasotoral systems. Monocropping systems with high levels of inputs and excessive cultivation (disc 
harrowing) are not sustainable since they cause deterioration of soil physical, chemical and biological 
properties as well as escalation of pest and disease problems. Alternative systems incorporating 
components that attenuate or reverse the deleterious effects of monocultures are required, and biophysical 
measures of sustainability need to be developed as 'predictors' of system 'health' to sustain agricultural 
production at high levels while minimizing soil degradation. Grain legumes, green manures, intercrops 
and leys are possible system components that could increase the stability of systems involving annual 
crops. However, for these more intensive systems to be productive and sustainable soil management 
strategies needed to be developed.   
Soils in the Llanos of Colombia are classified as Oxisols and Ultisols characterized by low levels of soil 
nutrients, low exchangeable ion capacity and high levels of soil acidity and aluminum saturation. 
Available phosphorous levels are very low and limit pasture and crop productivity. When these soils are 
subject to mechanized agriculture, they rapidly lose their initial physical structure. The solution to manage 
these soils in a productive and sustainable way is by developing an arable layer using vertical tillage 
(chisels) to correct the physical conditions, adding lime and fertilizers to correct the chemical conditions, 
and using improved forage and crop components adapted to these conditions so that the fertilizer and the 
amendments added could promote vigorous root growth (pastures) to improve soil biological activity and 
stabilize soil physical structure. 
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Results from the long-term field experiments in the Llanos of Colombia indicated that agropastoral 
systems based on acid soil adapted and deep-rooted tropical forage grasses are markedly superior to crop 
rotation for building an arable layer for infertile savanna Oxisols. Using this integrated soil management 
technology it was possible to improve profitability and sustainability of agropastoral systems in the 
Llanos of Colombia. The costs and benefits of different options of introduced livestock-crop systems 
were evaluated ex-ante at the farm scale to quantify the impact of diversified production systems. The 
economic impact of the improved systems with the build up of an arable layer at the regional level was 
estimated at US$239 million. 
By using the concept of building an arable layer and combining this soil management technology with 
acid soil adapted cultivars of both forages and crops in agropastoral systems, farmers have the tools and 
technologies to transform the Colombian savannas. However, social insecurity and lack of infrastructure 
at present limit the rate of adoption of these innovations. While the overall research objective for the Latin 
American savannas is to improve the economic and ecological sustainability of crop/livestock systems, 
the major challenge is to encourage national leaders and the international community to continue 
supporting research efforts for the sustainable development of these acid soil savannas. 
Residual effect of different systems of construction of arable layer on maize yield in the Llanos of 
Colombia
D. L. Molina, E. Amézquita and M. Rivera  
TSBF-CIAT, Cali, Colombia 
Investigations carried out in the acid soil savannas of Colombia by CIAT and CORPOICA demonstrated 
that physical, chemical and biological conditions of soil in native savannas doesn’t offer an optimum soil 
environment for crop production. Therefore, efforts were made to stimulate the formation of a productive 
arable layer that allows the development of conservation agriculture suitable for no-till systems to sustain 
crop production. The aim of this study was to document the residual effect of the different systems of 
construction of an arable layer on the grain yield of maize. 
The study consisted of the sowing maize on six hectares of a farm in Matazul located in the municipality 
of Puerto López (Meta) at 160 masl. Soils are classified as Tropeptic haplustox isohypertermic kaolinitic. 
This study was based on previous special project funded by PRONATTA from 2001 to 2003 that 
included a field experiment on two soil types (textures) with a combination of three factors: 1) three 
different agropastoral systems (crop-pasture; crop-pasture-legume; monocropping; 2) two sources of 
calcium and magnesium (dolomite; sulcamag); and 3) two depths of tillage with rigid chisels (30 and 45 
cm soil depth), for a total of 12 treatments. After the completion of the previous study in 2003 with the 12 
treatments, the whole experimental area was planted with the cover legume crop of Kudzu and was left 
fallow in 2005. Maize hybrid Pioneer 3041 was sown in 2006 on the previous treatment plots with direct 
sowing to test the residual effects of building an arable layer with different systems. Maize grain yields 
were determined after harvest. 
Application of dolomite + sulcamag was better than application of dolomite alone in improving maize 
yield, particularly with tillage up to 45 cm soil depth (Figure 28). Maize yield was better with crop-
pasture and crop-pasture-legume plots than with monocropping plots, particularly with deep tillage.  
Results from this study showed that the residual effects of building an arable layer can be detected on 
subsequent crop yields of maize. 
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Figure 28. Effects of land preparation at two soil depths (30 or 45 cm) and application of  two sources of 
calcium and magnesium (dolomite or dolomite + sulcamag) on maize grain yield. 
Root distribution and forage production of adapted Brachiaria grasses in acid soil savannas of 
Colombia
J. Ricaurte1, I.M. Rao1, R. García1, C. Plazas1 and J.C. Menjívar2
1TSBF-CIAT,  Colombia; 2National University, Palmira, Colombia 
Brachiariagrasses are key components of agropastoral systems in acid soil savannas of Colombia. Previous 
research on shoot biomass production and shoot nutrient uptake of Brachiaria genotypes in the Llanos of 
Colombia showed differences in adaptation of Brachiaria species to these acid soils. It has been reported that 
Brachiaria decumbens cv. Basilisk, Brachiaria brizantha cv. Marandú, Brachiaria brizantha cv. Toledo and 
Brachiaria hybrid cv. Mulato 2 could persist and be productive over time with maintenance fertilizer in contrast 
to Brachiaria ruziziensis 44-02  which showed poor adaptation to acid soils after 1 year of establishment.  The 
objective of the present study was to evaluate the differences in root distribution of well adaptated and poorly 
adapted brachiaria grasses and the impact of root development on forage production over time. We evaluated 
the impact of 6 Brachiaria genotypes and their root attributes (biomass production, length and specific root 
length) on forage production. 
A field study was conducted at Matazul farm in the acid soil savannas of Colombia for 4 years. Six 
Brachiaria genotypes with variable adaptation to acid soils (two Brachiaria accessions B.decumbens
CIAT 606 = cv. Basilisk, B. brizantha CIAT 6294 = cv. Marandú, and four Brachiaria hybrids CIAT 
36087 = cv. Mulato 2, BR98NO/1251, BR99NO/4015 and BR99NO/4132) were sown with two initial 
levels of fertilization ([kg ha-1] low = 20 P, 20 K, 33 Ca, 14 Mg and 10 S; high = 80 N, 50 P, 100 K, 66 
Ca, 28 Mg, 20 S, 2 Zn, 2 Cu, 0.1 B and 0.1 Mo and half of these amounts were applied for every 2 years 
as maintenance fertilization). Shoot biomass (forage) production was evaluated for 4 years (at the end of 
the dry and the rainy season of each year) while root distribution was measured at 33 (dry season) and 41 
(rainy season) months after establishment.  
Differences in production of live shoot biomass (forage) and total (live + dead) shoot biomass among the six 
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production among the 6 Brachiaria genotypes that were evaluated at 3 and 10 months after establishment. 
Mean value of live (forage) shoot biomass production was 5136 and 1979 kg ha-1 at 3 months after 
establishment for initial fertilizer applications of high and low, respectively. These values decreased to 860 
and 601 kg ha-1 for high and low fertilizer application, respectively at 29 months after establishment. Later, 
the apomictic natural accession B. brizantha CIAT 6294 and the apomictic hybrid CIAT 36087 had 
significantly more living and total shoot biomass, followed by the apomictic natural accession of B. 
decumbens CIAT 606 and the hybrid BR99NO/4015. Two hybrids, BR99NO/4132 and BR98NO/1251, had 
markedly lower production of shoot biomass over time when compared to the other genotypes. 
Total root length production during rainy season was twice that of the dry season (Table 22). Root 
biomass was greater (more than 30%) and finer (25% more specific root length) in the rainy season than 
in the dry season. Differences among six Brachiaria genotypes in root biomass, root length and specific 
root length distribution across the soil profile at 33 (dry season) and 41 (rainy season) months after 
establishment are shown in Figure 30. Root biomass and root length decreased at deeper soil profile while 
the values of specific root length increased indicating the finer root development in deep soil layers. The 
very well acid soil adapted B. decumbens CIAT 606 showed finer root development (higher values of 
specific root length) in both dry and rainy seasons while the moderately adapted hybrids BR98NO/1251, 
BR99NO/4015 and BR99NO/4132 developed finer root systems in the rainy season. Cultivar Mulato 2 
(CIAT 36087) and CIAT 6294 developed thicker root systems both in rainy and dry seasons as revealed 
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Figure 29. Total (live + dead) and live shoot biomass production (kg ha-1) in 6 Brachiaria genotypes 
evaluated for 4 years. Measurements were made at the end of dry (D) and rainy (R) seasons in each year in an 
Oxisol of “Altillanura” in Puerto López, Meta (Colombia) with high (High F.) and low (Low F.) initial 
fertilizer application. The arrows indicate the time of application of maintenance fertilizer at half the levels of 
initial application. The bars or NS indicate values of LSDp<0.05 or no significant differences between 
genotypes, respectively. 
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The root biomass of the fine root genotype B. decumbens CIAT 606 was markedly lower than the values 
observed with the two thick root Brachiaria genotypes CIAT 6294 and CIAT 36087 (Table 22, Figure 
30). Soil from these two genotypes showed slightly lower values of bulk density that could result from 
turnover of thicker roots. There is need to evaluate the impact of the adapted brachiaria grasses on soil 
quality parameters over time.  
Results from this study indicate that the apomictic natural accession B. brizantha CIAT 6294 and the 
apomictic hybrid cultivar Mulato 2 (CIAT 36087) could produce greater amounts of live shoot biomass 
(forage) with maintenance fertilizer application. The productivity of these two genotypes was superior to 
B. decumbens CIAT 606 and this superior performance was associated with coarse root development. 
There is need to test the genotypic differences in root development and persistence with no maintenance 
fertilizer application. It is possible that fine root development that was observed with B. decumbens CIAT 
6006 across the soil profile might contribute to its superior adaptation to infertile acid soils with no 
maintenance fertilizer application that is common in acid soil savannas.
Table 22.  Total root biomass (kg ha-1), total root length (km m-2) and mean specific root length (m g-1) (0 to 
100 cm soil depth) of 6  Brachiaria genotypes evaluated at 33 (dry season - D) and 41 (rainy season - R) 
months after their establishment with high and low initial fertilizer application to an Oxisol of  “Altillanura” 
in Puerto López, Meta (Colombia).  
Genotypes Root biomass 
(kg ha-1)
 Root length 
(km m-2)
 Specific root 
length
(m g-1)


















33 months (D)            
Bd CIAT 606 466 550  2.31 2.74  117 125  1.46 1.44 
Bb CIAT 6294 1603 1364  4.07 3.38   44  49  1.43 1.42 
BR98NO/1251 1391 1304  3.48 4.12   36  51  1.43 1.41 
BR99NO/4015 1206 588  2.71 2.74   55 140  1.45 1.45 
BR99NO/4132  609 599  3.30 3.46   64  79  1.42 1.42 
CIAT 36087 1267 1149  3.28 3.01   51  49  1.43 1.42 
Mean 1090  926  3.19 3.24  61 82  1.44 1.43 
LSD(P<0.05)* 652 578  NS NS  49 NS  NS NS 
           
41 months (R)            
Bd CIAT 606  816 884  4.127 5.734  132 137    
Bb CIAT 6294 1977 1635  5.006 6.298   42 74    
BR98NO/1251 1910 818  8.114 5.512   69 150    
BR99NO/4015 1161 1150  7.831 8.212  135 116    
BR99NO/4132 1313 987  7.942 7.892  103 100    
CIAT 36087 1572 1832  6.799 6.979   76  56    
Mean 1458 1218  6.637 6.771  93 106    
LSD(P<0.05) 786 482  3.071 NS  83  53    
*The least significant difference (LSD) values or not significant (NS) differences with 95% of probability. ** 
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Figure 30. Root biomass (kg ha-1), root length (km m-2)  and specific root length (m g-1) distribution across 
soil profile of 6  Brachiaria genotypes evaluated at 33 (dry season - D) and 41 (rainy season - R) months after 
their establishment with high and low amounts of initial fertilizer application to an Oxisol of  “Altillanura” in 
Puerto López, Meta (Colombia). Bars or NS by depth indicate least significant difference or not significant 
difference, respectively with 95% of probability. 
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Output target 2008 
? Communities in at least three countries demonstrate and test direct or indirect management 
options that enhance locally important ecosystem services using BGBD 
Published work 
Ramisch1, J., Misiko2, M.T., Ekise3, I.E. and Mukalama3, J.B. (2006) Strengthening “Folk Ecology”: 
Community-based learning for integrated soil fertility management, western Kenya. International 
journal of agricultural sustainability 4(2): 154 – 168  
1TSBF-CIAT; 2Wageningen University, Netherlands; 3TSBF-CIAT, Kenya
Abstract: Farmers and researchers in western Kenya have used community based learning approaches to 
jointly develop a “dynamic expertise” of integrated soil fertility management (ISFM). This transformative 
learning approach builds on farmers’ “folk ecology” and outsiders’ knowledge, taking action research on 
natural resource management beyond methods that are descriptive (ethnopedology) or curriculum-driven 
(farmer field schools). The paper presents insights from a project’s experience of applying the 
Strengthening “Folk Ecology” approach in western Kenya, with emphasis on the community-based 
learning process, collective and individual experimentation, the power dynamics of farmer research 
groups, and learning from the farmer-researcher interface. Farmer groups have been empowered by this 
approach but diversification into non-soil activities highlights the limitations of experimentation and the 
challenges of scaling up participatory action research. 
Rufino1, M.C., Rowe1, E.C., Delve2, R.J. and Giller1, K.E. (2006) Nitrogen cycling efficiencies 
through  resource-poor African crop - livestock systems: Agriculture, Ecosystems and Environment 
112: 261 - 282 
1Wageningen University, Netherlands; 2TSBF-CIAT
Abstract: Success in long-term agricultural production in resource-poor farming systems relies on the 
efficiency with which nutrients are conserved and recycled. Each transfer of nutrients across the farming 
system provides a risk of inefficiency, and how much is lost at each step depends on the type of farming 
system, its management practices and site conditions. The aim of this review was to identify critical steps 
where efficiency of nitrogen (N) cycling through livestock in smallholder crop–livestock farming systems 
could be increased, with special emphasis on Africa. Farming systems were conceptualized in four sub-
systems through which nutrient transfer takes place: (1) livestock: animals partition dietary intake into 
growth and milk production, faeces and urine; (2) manure collection and handling: housing and 
management determine what proportion of the animal excreta may be collected; (3) manure storage: 
manure can be composted with or without addition of plant materials; and (4) soil and crop conversion: a 
proportion of the N in organic materials applied to soil becomes available, part of which is taken up by 
plants, of which a further proportion is partitioned into grain N. An exhaustive literature review showed 
that partial efficiencies have been much more commonly calculated for the first and last steps than for 
manure handling and storage. Partial N cycling efficiencies were calculated for every sub-system as the 
ratio of nutrient output to nutrient input. Estimates of partial N cycling efficiency (NCE) for each 
subsystem ranged from 46 to 121% (livestock), 6 to 99% (manure handling), 30 to 87% (manure storage) 
and 3 to 76% (soil and crop conversion).  Overall N cycling efficiency is the product of the partial 
efficiencies at each of the steps through which N passes. Direct application of plant materials to soil 
results in more efficient cycling of N, with fewer losses than from materials fed to livestock. However, 
livestock provide many other benefits highly valued by farmers, and animal manures can contain large 
amounts of available N, which increases the immediate crop response. Manures also can contribute to 
increase (or at least maintain) the soil organic C pool but more quantitative information is needed to 
assess the actual benefits. Making most efficient use of animal manures depends critically on improving 
manure handling and storage, and on synchrony of mineralization with crop uptake. Measures to improve 
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manure handling and storage are generally easier to design and implement than measures to improve crop 
recovery of N, and should receive much greater attention if overall system NCE is to be improved 
Work in progress 
Report on the BGBD planning meeting, Xalapa, Mexico, May 25-31, 2006. Internal project 
document DOC/WRK/06_01 (CD-ROM) 
J. Huising1 and P. Okoth1
1TSBF-CIAT, Kenya 
Earlier during the BGBD project annual meeting held in April 2005, the project coordinator presented a 
framework for the planning of demonstrations and experimentation with management options for the 
conservation and sustainable management of BGBD to enhance locally important ecosystem services 
through direct and indirect manipulation BGBD. This framework was translated into activities or 
interventions that are subsequently included in the project’s logical framework matrix and into activities 
that form part of the programme of work for the second phase of the BGBD project. These activities or 
interventions are still described in very general terms. During the planning meeting for the second phase 
held from the 25th  to 31st of May 2006, these were further detailed, to serve as guideline for the country 
project components to define their own specific activities as far as the demonstration and experimentation 
with management option for BGBD is concerned.  
All country project components are expected to establish demonstration or experimental sites for 
technology development and demonstration of proven technologies. The proposed technologies are to be 
subjected to an ex-ante study to assess the feasibility of the proposed technologies, at the same time the 
pathways need to be mapped through which impact is expected to be generated through these improved 
technologies. The latter requires the baseline to be established in terms of the socio-economic conditions 
and livelihoods of the rural population in the benchmark areas. For the demonstrations a systems 
approach will be adopted, meaning that the inputs (material inputs, labour etc.) and outputs (yield, 
biomass, return to labour, etc.) will be monitored. At the same time the soil condition and BGBD will be 
monitored to assess changes to soil ecological system and functioning of the soil ecosystem. The latter 
will be done through measurement of soil biological component, incidence and monitoring of soil borne 
pest and diseases, soil structure and aggregate stability, water holding capacity, water infiltration rates, 
soil organic carbon and other techniques and indicators to assess the soil (biological) quality. The 
management options that will be demonstrated or experimented with will relate to tillage operations, soil 
organic matter amendment through various ways (application of manure, composting, crop residues, etc.), 
to changes in the cropping system (crop rotations, intercropping, etc,) and through direct inoculation 
(mycorrhiza inoculants, beneficial and antagonistic fungi, earthworms etc.). Apart from the 
demonstrations, specific experiments will be carried out that target BGBD in relation to specific 
ecosystem processes, like soil structure modification, carbon sequestration, nutrient cycling or other. 
Country project components are obliged to define and plan for the demonstrations in detail such that the 
related activities can be included in the programme of work, that is to be part of the Memorandum of 
Agreement between TSBF as the executing institution and the implementing institutions in the countries 
concerned. In 2006 the MoA with two of the CPCs were finalized. 
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Output target 2008 
? Quesungual and other related agroforestry systems, with soil and water conservation as entry 
point, including crop diversification strategies, tested and adapted to farmer circumstances in 
Central America 
Work in progress 
Quesungual Slash and Mulch Agroforestry System (QSMAS) 
L.A. Welchez1, M. Ayarza2, E. Amezquita3, E. Barrios3, M. Rondon3, A. Castro3, M. Rivera3, O. 
Ferreira4,  J. Pavón5 and I. Rao3
1MIS Consortium, Tegucigalpa, Honduras; 2TSBF-CIAT, Honduras; 3TSBF-CIAT, Cali, Colombia; 
4Escuela Nacional de Ciencias Forestales, Siguatepeque, Honduras; and 5Instituto Nacional de 
Tecnología Agropecuaria, Managua, Nicaragua. 
Hillsides constitute an important agroecosystem in humid and sub-humid tropics. In Honduras, hillsides 
comprise over 80% of the territory and it is within this area that 75% of annual crops (maize, beans and 
sorghum) are produced. Stagnation of agricultural productivity and rapid population growth have resulted 
in uncontrolled expansion of agriculture and extensive cattle ranching into primary forest areas on 
hillsides, causing high rates of deforestation, soil and water losses by erosion and runoff, and increased 
soil compaction, accelerating the process of soil degradation. Slowing agricultural expansion and 
reversing land degradation while increasing food production and accessibility, is a sound strategy to 
improve both rural livelihoods and natural resource management in hillsides of Honduras and other 
tropical and sub-tropical regions. 
The Quesungual Slash and Mulch Agroforestry System (QSMAS) has been a major production system to 
achieve food security by resource poor farmers of the Lempira department, formerly the poorest region in 
Honduras. The widespread adoption of the QSMAS by more than 6,000 farmer households in 7,000 ha, 
has been driven by a two-fold increase in crop yields (maize from 1200 to 2500 kg/ha, beans from 325 to 
800 kg/ha) and cattle stocking rates, and significant reduction in costs associated with agrochemicals and 
labor, in comparison to the traditional slash and burn system.  
The QSMAS is based on planting annual crops in an improved (through practices adapted by technicians 
and farmers) indigenous slash and mulch management system. It starts with the selection of a well 
developed (high amount and diverstity of trees and shrubs) fallow. Then, “pioneer” crops sorghum 
(Sorghum vulgare) or common beans (Phaseolus vulgaris), whose seedlings are capable of emerging 
through the mulch, are sown by broadcast. Maize (Zea mays) is not sown as a pioneer crop because of too 
much quantity of mulch that affects the emergence of seedlings and also because of the late season 
planting (August) that does not provide adequate soil moisture for grain filling late in the season. After 
planting, selective and partial slashing and pruning of dispersed trees and shrubs in fallows (naturally 
regenerated secondary forests) is done, followed by the removal of the firewood and trunks and the 
uniform distribution of the biomass (leaves and fine shoots) that results as mulch. The outcome is a plot 
with numerous slashed trees, nonslashed high-value multipurpose timber and fruit trees, and slashed 
shrubs (that are used for production practices such as holding harvested bean plants to avoid infection of 
bean pods), and a dense layer of mulch. After the pioneer crop, for about 10 years as the recognized 
system’s productive life based on the regrowth potential of trees in the system, QSMAS practices include 
the annual production of maize as main crop intercropped with beans or sorghum using zero-tillage, the 
continuous slashing and mainly pruning of trees and shrubs in order to eliminate branches (to take out for 
firewood) and regrowth (to avoid shade for the crops), a continuous mulching (from litterfall, slashing of 
trees and application of crop residues), spot fertilization technologies, and sometimes the use of 
preemergence herbicides.   
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The main gains of the QSMAS in productive terms are improved incomes, less labor for land preparation 
and weed control, reduced costs of production, and higher net profits. Farmers perceive the following 
main advantages of the system: (i) the higher soil water holding capacity when rainfall is erratic (irregular 
or insufficient due); (ii) reduced soil erosion; (iii) the improved resilience of the system at landscape level 
from natural disasters such as hurricane Mitch; (iv) improved soil fertility due to efficient recycling of 
nutrients through plant residues; and (v) the continual supply of firewood. 
A special project funded by WFCP (Water & Food Challenge Program) is being executed by CIAT in 
collaboration with partners in Honduras and Nicaragua. The main objective of the project is to determine 
the key principles behind the social acceptance and biophysical resilience of QSMAS by defining the role 
of the management components of the system and QSMAS’ capacity to sustain crop production and 
alleviate water deficits on steeper slopes with high risk of soil erosion. Studies are focused on quantifying 
water dynamics, nutrient dynamics, and greenhouse gas fluxes and also validation of the system in dry 
areas of Nicaragua. This report includes results from field studies in Honduras on biophysical 
characterization of the fallow system before converting to QSMAS, the effect of proportion of stones 
(under greenhouse conditions) on soil water-holding capacity and crop biomass production, the effects of 
rainfall through simulated rain on soil erosion processes, the baseline results for N-mineralization and P-
frctionation from QSMAS plots of different ages, and the preliminary trends on greenhouse gas fluxes. 
Preliminary results are also reported from the characterization of the QSMAS plots where the system is 
being validated in Nicaragua. 
In Honduras, the study area is located in the municipality of Candelaria (14°4’60” N, 88°34’0” W), within 
the Lempa river upper watersheds in the department of Lempira. The regions’ life zone (Holdridge) is a 
sub-humid tropical semi-deciduous forest and pine tress, while its climatic classification (Köppen) is a 
Tropic Humid-Dry (Aw) region with an annual (bimodal) rainfall. Mean annual precipitation is about 
1400 mm falling mainly from early May to late October, with a distinct dry season of up to six months 
(November-April). During the dry season strong winds blow from the North and the enhanced 
evapotranspiration rates cause severe water deficits (over 200 mm) until the onset of rains. Temperature 
ranges between 17-25 °C. Soils are steep (from 5% up to 50% slope) between 200-900 masl, classified as 
stony Entisols (Lithic Ustorthents) influenced by volcanic ashes associated with igneus and intrusive 
rocks, usually with low labile P and soil organic matter contents (2.8-3.9 %) and pH between 4.1-6.2. 
Agriculture is strongly concentrated around small farms (80% with less than 5 ha).  
In Honduras, field plots (200 m2) were established in April 2005 for the comparison of 5 treatments: 
QSMAS of different ages (0-2 years, 5-7 years and 10+ years old), the traditional Slash & Burn (SB) 
production system, and the natural fallow (as baseline). The four treatments including production systems 
were split in order to apply a fertilizer treatment (with fertilizer or without fertilizer application).  Each 
treatment was replicated in 3 different farms. In Nicaragua, plots for the QSMAS validation were 
established in May 2005. QSMAS will be compared with three treatments: SB system (traditional), crop 
residue management, and natural fallow (reference system), in plots of 900 m2 per treatment. Each set of 
treatments was replicated in 6 different farms.  
The analysis of the information generated would allow us to understand the biophysical changes of the 
QSMAS across the time, to compare the relative advantages of its implementation in comparison with the 
SB system, and the magnitude of changes in the system compared to the natural fallow. 
Determination of soil losses in Quesungual Slash and Mulch Agroforestry System (QSMAS)  
M. Rivera1, E. Amézquita1, A. Castro1, M. Ayarza2, E. Barrios1, E. Garcia2 and I. Rao1
1TSBF-CIAT, Cali, Colombia; 2TSBF-CIAT, Honduras 
The farmers practicing the Quesungual Slash and Mulch Agroforestry System (QSMAS) relate the 
superior performance of QSMAS with reduced soil losses compared with the traditional slash and burn 
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(SB) system. Previous research conducted by Michelle Deugd between 1998 to 2000 indicated 93% 
reduction in soil loss in QSMAS compared with the SB system. Deugd also found that the main factor for 
reduced soil loss in QSMAS was not the slope but the soil cover from the mulch, the tree density and the 
combined effect of diversified root systems. The main objective of the present study was to monitor soil 
losses in QSMAS of different ages (>2 years, 5-7 years, >10 years) in comparison with the SB system and 
also the natural fallow system before converting to QSMAS.  
Plots to estimate soil losses were established in each of the 5 treatments (QSMAS of >2 years, 5-7 years, 
>10 years, SB, and fallow) by inserting aluminum sheets to collect the runoff (using some of the 
technologies of USLE) from 5 m long and 1.5 m wide (7.5 m2) plots located in the middle of the slope of 
each treatment. At the base of the each plot a soil trench was prepared across the plot width and lined with 
black plastic sheet to collect runoff and the soil eroded from the plot. The samples of runoff and soil were 
collected at weekly intervals for 22 weeks. Rainfall distribution during the rainy season was recorded 
from May to October of 2005. The samples collected were dried in the oven at 105 ?C for 24 h to quantify 
soil losses. 
Highly significant (P<0.0001) differences were observed in soil losses from different systems tested 
during the evaluation period (Figure 31). The amount of soil loss varied between 2.2 to 41.3 t ha-1. The 
system with lowest amount of soil loss was the fallow with the natural vegetation. As expected, the extent 
of soil loss was the highest with the traditional SB system. When soil losses among the QSMAS systems 
of different ages were compared, QSMAS of 5-7 years age showed higher soil losses than the other two 
QSMAS systems. 
Rate of eroded soil per unit of rainfall showed similar tendency (SB>QSMAS>Fallow) to the results on 
soil losses (Figure 32). Fallow system had the lowest values of eroded soil per unit amount of rainfall. 
Results on the dynamics of soil loss indicated that the extent of erosion was greater during the first month 
of the rainy season (Figure 33). The traditional SB system showed markedly higher amounts of soil loss 
over time compared with the other systems, while the QSMAS over ten years (Q>10) and the fallow 
system showed lower values over time. 
Figure 31. Differences in soil losses (t ha-1) during 22 weeks from QSMAS plots of different ages (Q<2, 
Q5-7 and Q>10 years) compared with slash and burn (SB) and fallow systems. 












LSD 0.05 = 13.4
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Figure 32. Differences in eroded soil per each litter of rainfall (g l-1) during 22 weeks from QSMAS plots 
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Figure 33. Dynamics of soil losss (t ha-1) during June to October 2005 from QSMAS plots of different 
ages (Q<2, Q5-7 and Q>10 years) compared with slash and burn (SB) and fallow systems. 
Effects of different proportions of stones in soil and frequencies of water application in the 
production of biomass of maize under greenhouse conditions using soil from hillsides 
M. Rivera1, E. Amézquita1 J. Ricaurte1, M.Ayarza2 and I.Rao1
1TSBF-CIAT, Colombia; 2TSBF-CIAT,Honduras
It is widely accepted that stony soils are difficult for cultivation and a higher proportion of stones in soil 
restrict root growth and crop productivity. The Quesungual slash mulch agroforestry system practiced on 
Entisols in the hillside region of southern Lempira (Honduras) improves the food security through maize 
and beans in the long dry season due to improved conservation of soil moisture and nutrients and reduced 
erosion. These soils have significant proportion of stones (up to 40% of the soil volume). To understand 
the effects of the proportion of stones in retaining the soil moisture and influencing maize production, a 
greenhouse experiment was conducted at CIAT-Palmira, Colombia.  
Soil loss  (g L
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LSD 0.05 = 0.83 
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Maize was sown in a fine soil fraction of an Entisol mixed homogeneously with five proportions of stones 
(0, 20, 40, 60 and 80% of soil volume) and tested with three frequencies of water application (24, 48 and 
120 hours), replicated three times, in a split plot design. Deionized water was supplied in a quantity of 0.3 
liter per pot each time. Water supply simulated periods of maximum (September), medium (May) and 
minimum (November) precipitation months during the middle of the rainy season, early rainy season and 
end of the rainy season, respectively in the hillside region of Lempira, Honduras.   
To conduct the greenhouse experiment, soil with stones were sampled at 0-20 cm soil depth, in a steep 
slope of the hillsides in Suárez, Cauca department, Colombia. Soil samples were air dried, sieved with 2 
mm mesh to separate fine soil fraction from stones. We evaluated the bulk density of fine and heavy 
(stone) fractions, moisture retention capacity of fine and heavy fractions as well as soil chemical 
conditions of the fine fraction. Two maize seeds of the Pioneer hybrid P30F80 were sown in 5 liter pots to 
evaluate plant height, leaf number, and stem diameter for 6 weeks at weekly intervals and, at harvest time, 
shoot biomass, root biomass, root length, mean root diameter, shoot nutrient (N, P and K) uptake as well 
as total nutrients in soil and in leached soil solution. Gravimetric soil moisture content was determined 
daily. Nutrients were supplied at ten days after planting at adequate levels to optimize the production of 
dry matter. The root measurements were made with an STD-1600 EPSON scanner and the images were 
analyzed with the WinRhizo v.4.0b software (Regent Intruments Inc., Quebec, Canada). 
Stone proportion in the soil collected from Cauca was 40% of the soil volume. Soil chemical conditions 
of fine fraction were: pH (1:1, soil:H2O) 4.51, P (Bray 2) 9.1 mg kg
-1, K (cmolc kg
-1) 0.26, Ca (cmolc kg
-1)
2.33, Mg (cmolc kg
-1) 0.70, CIC (cmolc kg
-1) 16.9, SOM (1%) and Al saturation (62%). Bulk density 
values of fine (soil) and heavy (stones) fractions were 1.0 and 2.3 g cm-3, respectively, and mean diameter 
of stones in the heavy fraction was 3 cm.
Highly significant differences (P<0.0001) were observed within stone volumes and within water 
application frequency for soil moisture content, total biomass (shoot + root) production, root biomass, 
root length and mean root diameter.  
Total biomass production. Total biomass (shoot + root) production varied from 16.9 g pot-1 with 0% stone 
volume and 24 h water application frequency to 5.0 g pot-1 with 20% stones and 120 h of water 
application frequency (Table 23). Total biomass decreased with longer time of water application 
frequency. Stone volume in soil affected total biomass production and a marked reduction in total 
biomass was observed with 80% volume of the stones with 24 and 48 h of water application intervals. 
When the water application frequency was 120 h, 40 and 60% of stone volume in soil increased the total 
biomass production up to 54% with respect to 0 and 20% of stone volume (Table 23, Figure 34). 
Shoot biomass production. Shoot biomass production of maize ranged from 15.0 g pot-1 for 0% stone and 
24 h water application frequency to 4.2 g pot-1 with 20% stone volume and with water application 
frequency of 120 h. The higher values of shoot biomass production appeared with 0% stone volume and 
frequencies of water application of 24 and 48 h. The lowest values of shoot biomass production were 
observed with 0 and 20% of stone volume and with an irrigation frequency of 120 h. For the frequency of 
water application of 120 h the highest production was obtained with 60% stone volume (44% higher than 
that of 0% stone volume). There was a decreasing shoot biomass production with an increasing stone 
volume in the soil when the time of irrigation frequency was shorter (24 and 48 h), but it was the contrary 
when this frequency was longer (120 h, Figure 34). The differences in these results could be due to a 
greater leaching of mobile nutrients (N, K) in the system with more frequent water application (24 and 48 
h). Additionally, less evaporation from the system with higher stone volume (data not shown) might have 
contributed to the superior performance of maize with 40 and 60% of stone volume with 120 h of water 
application frequency. 
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Table 23. Effects of different stone proportions mixed with fine fraction of soil (<2 mm) and three water 
application frequencies on total biomass (shoot + root) production of maize.  
Total dry matter (g pot-1)
Irrigation frequency (h) 
Stone volume 
(%)
24 48 120 
LSD 0.05
0 16.9 16.4 5.8 3.20 
20 16.7 14.1 5.0 0.90 
40 16.3  15.3  8.1  2.35 
60 16.7  13.1  8.6  2.35 
80 8.9  8.6  6.9  - 





























































































Figure 34. Production of shoot biomass, root biomass (g pot-1) and root length (m pot-1) in maize plants 
grown in an Entisol from hillsides of Cauca, Colombia, with 5 stone proportions and 3 water application 
frequencies.
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Root biomass production. Maize root biomass changed between 3.47 and 0.81 g pot-1 for 60% stone 
volume – 24 h irrigation frequency and 20% stone – 120 h irrigation frequency, respectively (Table 24, 
Figure 34). Similar to changes in shoot biomass, root biomass diminished with longer frequency of water 
application (120 h). The lowest values of production of root biomass were observed in all stone volumes 
with the irrigation frequency of 120 h. Under more frequent water application (24 h), root biomass 
increased with stone volume of upto 60% in soil. Under intermediate frequency of water application (48 
h), root biomass increased up to 40% stone volume. Low frequency of water application did not affect 
root biomass production. 
Frequency of water application affected root length (Figure 34). More frequent water application (24 h) 
markedly improved total root length per pot and higher value of total root length was observed at 20% of 
stone volume. Intermediate frequency of water application (48 h) produced higher value of total root 
length with 40% of stone volume. Low frequency of water application produced higher value of total root 
length with 60% of stone volume. These results indicate that with less frequent rains, the higher 
proportion of stone volume (up to 60%) can improve root development through increased soil moisture 
(results not shown). Higher values of root length were observed with low stone volume (20%) in the soil 
with more frequent water application (24 h). The main effects on total root length were observed with fine 
roots in all treatments. 
Shoot nutrient content and shoot nutrient uptake. Table 25 shows shoot nitrogen (N), phosphorus (P) and 
potassium (K) content and uptake.  N content ranged from 24.2 to 10.8 g kg-1, for 0% stone – 120 h water 
application frequency to 60% of stone – 24 h water application frequency. It decreased with more stones 
until 60% volume to all  water application frequencies (24, 48 and 120 h) and it decreased too with less 
time intervals of water supply possibly due to more leaching from the system plant-soil. Shoot N uptake 
changed from 272 to 86 mg pot-1, for 0% stone – 48 h water application interval to 80% stone – 24 h 
water application interval. Greater shoot N uptake was observed with intermediate water application 
frequency (48 h) while it was decreased with higher stone proportion in soil.  The higher frequency of 
water application (24 h) resulted in lower values of shoot N uptake and at this frequency of water 
application shoot N uptake diminished with increasing stone volume in soil. 
Shoot P content ranged from 1.75 g kg-1 for 0% stone – 48 h water application frequency to 1.30 g kg-1 for 
20% stone – 24 h water application frequency. The water application frequency of 48 h showed higher 
shoot P contents while the soil without and with 40% of stone volume presented the highest values (Table 
25). With 24 h and 120 h of water application frequencies maximum values were found with 80% stone 
volume (1.72 g kg-1) and 60% stone volume (1.62 g kg-1), respectively (Table 25). Shoot P uptake 
changed between 25.0 and 5.6 mg pot-1 for 0% stone – 48 h water application frequency and 20% stone – 
120 h water application frequency, respectively. Shoot P uptake diminished with increasing stone volume 
in soil at 24 h and 48 h water application frequencies, while with the water application frequency of 120 h 
these values increased with increasing stone volume between 20% and 60% in soil. 
Maize shoot K content changed between 51.7 and 29.0 g kg-1 for 0% stone – 120 h water application 
frequency and 20% stone – 24 h water application frequency, respectively. The content of both K and N 
in shoot tissue increased with the decrease in water application frequency with all proportions of stone 
(Table 25). Shoot K uptake, ranged between 503 and 167 mg pot-1 for 0% stone – 48 h water application 
frequency and 20% stone – 120 h water application frequency, respectively. The lower values of shoot K 
uptake corresponded to 80% stone proportion with water application frequencies of 24 h and 48 h, while 
with the water application frequency of 120 h it happened with 20% stone proportion (Table 25). 
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Table 24. Effect of different stone volume mixed with fine fraction of soil (<2 mm) and three irrigation 
frequencies on root biomass production of maize.  
Root dry matter (g pot-1)
Irrigation frequency (h) 
Stone volume 
(%)
24 48 120 
LSD 0.05
0 1.98 2.09 1.13 0.52 
20 2.21 1.91 0.81 0.25 
40 2.69 2.47 1.27 0.20 
60 3.47 1.89 1.18 2.35 
80 1.66 1.36 0.91 0.30 
LSD 0.05 0.80 0.50 0.30  
Table 25. Effects of different stone proportions mixed with fine fraction of soil (<2 mm), and three 
frequencies of water application on shoot N, P and K contents  (g kg-1 of dry matter) and shoot N, P and K 
uptake (mg pot-1). Shoot nutrient content values are shown in parentheses. 
Shoot  content  (g kg-1)  and shoot uptake (mg pot-1)
Irrigation frequency (h) 
Nutrient Stone volume 
(%) 
24 h 48 h 120 h 
LSD0.05
Nitrogen (N) 0 (13.6) 204 (18.8) 272  (24.2) 129  56.9 
 20 (11.8) 173 (15.0) 186  (19.9)   89  51.1 
 40 (11.4) 156  (13.8) 178  (18.2) 125  - 
 60 (10.8) 145  (12.0) 135  (16.3) 121  17.4 
 80 (11.7)   86  (13.1)   94  (17.2) 103  - 
 LSD0.05 35.0 43.1 31.7 
Phosphorus (P) 0 (1.46) 22  (1.75) 25  (1.35)   6.3  9.28 
 20 (1.30) 19  (1.64) 20  (1.32)   5.6  8.34 
 40 (1.44) 20  (1.65) 21  (1.44) 10.0  3.16 
 60 (1.47) 20  (1.47) 17  (1.62) 12.1  3.12 
 80 (1.72) 13  (1.61) 12  (1.33)   8.0  3.21 
 LSD0.05 6.16 5.83 3.09 
Potassium (K) 0 (33.4) 499  (34.9) 503  (51.7) 244  116.3 
 20 (29.0) 422  (32.7) 402  (39.6) 167  98.2 
 40 (32.6) 445  (35.8) 461  (49.5) 342  77.7 
 60 (32.3) 430  (33.6) 379  (38.9) 289  77.6 
 80 (32.6) 237  (35.1) 253  (42.6) 255  - 
 LSD0.05 190.0 113.5 61.3 
Values in parentheses are nutrient content (g kg-1).
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In summary, both stone proportions in soil as well as water application frequencies affected shoot and 
root biomass production in maize. Results from this greenhouse study indicated that soil with stone 
proportion of up to 60% do not restrict total biomass (shoot + root) production of maize with high and 
intermediate frequency of water application. However, it is important to note that the presence of stones 
between 40 to 60% volume of soil can markedly improve soil moisture retention and therefore improve 
maize plant growth under low frequency of water application that simulates drought conditions. The 
differences in plant growth under low frequency of water application were associated with reduced uptake 
of nutrients. The presence of stones in the soil is one of the factors improving the performance of 
Quesungual during the dry season. 
Soil physical characterization for determining water dynamics in Quesungual Slash and Mulch 
Agroforestry System (QSMAS): Establishing the baseline at time zero 
M. Rivera1, E. Amézquita1, M. Ayarza2, J.Ricaurte1,  E.Garcia2 and I. Rao1
1TSBF-CIAT, Cali, Colombia; 2TSBF-CIAT,Honduras 
Since 1990, the Quesungual slash mulch agroforestry system (QSMAS) has been considered as 
fundamental for improving livelihoods of poor farmers of Southern Lempira region of Honduras. The 
QSMAS system is an alternative to tradicional slash and burn agricultural system. The farmers that 
adopted the system recognize the major advantage of QSMAS is in its capacity to retain greater amounts 
of soil moisture during the dry season that improves their food security compared with the tradicional 
system. Other benefits from QSMAS include: sustainable management of native vegetation and forest, 
improved quality and availability of water, improved soil fertility and crop productivity, and improved 
local capacity for reversing land degradation and promoting and disseminating natural resource 
management innovations. 
One fundamental part of understanding the principles behind the functioning of QSMAS is to monitor the 
biophysical changes over time in the system after its initial establishment. During the establishment of 
QSMAS, the farmers select a fallow (natural regeneration of the vegetation) with an age of 6 to 12 years 
during which the tree trunks grow over 10 cm and shrubs grow over 1 m tall. The farmers consider that 
during this time the soil improves its fertility and timber/firewood is produced from trees and shrubs. 
They do this one year before establishing QSMAS. 
The study area for determining water dynamics in QSMAS is the muncipality of Candelaria in southern 
Lempira, Honduras. For initial characterization of soil water dynamics in QSMAS, we selected fallows in 
farms of Juan Mejia in Obrajito community (Fallow 1), and Miguel Cruz (Fallow 2) and Lindolfo Arias 
(Fallow 3) in the Camapara community and these farms are located betweem 431 and 491 masl. These 
farms had 10 years of fallow and this fallow was converted to QSMAS and measurements were made 
before converting to QSMAS. Under field conditions, slope, stone proportion, penetration resistance and 
soil strength were determined. Soil samples were taken from the profile pits of 50x50x40 cm. Soil 
samples by depth were collected to determine texture, organic matter content, sand distribution and 
stability and size of aggregates. Undisturbed soil cores were taken to determine bulk density, saturated 
hydraulic conductivity, porosity, and soil moisture retention. Based on these measurements, available soil 
water was calculated.    
We determined compacted soil layers by measuring soil strength across soil profile. Results showed in 
Figure 35 indicate the degree of root growth limitation across soil profile based on soil strength 
measurements. The values for soil strength varied between 50.0 and 132.7 kPa. The higher values of soil 
strength that limit root growth and distribution were observed with Fallow 1 and those values were from 
10 to 40 cm of soil depth. The middle part of the slope (medium) exhibited less limitation to root growth 
in both Fallow 1 and Fallow 2. The lower part of the slope of Fallow 1 showed the highest values of root 
growth restriction in subsoil. The bulk density values varied between 0.95 and 1.26 g cm-3 and in general, 
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Figure 35. Differences in soil strength (kPa) across the soil profile in the high, médium and low parts of 
the slope of the Fallow 1 and Fallow 2 farms before establishing the QSMAS. 
Bulk density values were not significantly affected across soil depth among the three fallows (Table 26). 
The total porosity values varied between 51 and 62% and Fallow 2 showed higher values of porosity 
consistent with lower values of bulk density. Lower values of porosity were observed with Fallow 3 
except in top soil layer. The macroporosity values varied between 15.9 and 30% and lower values were 
observed with Fallow 3. The mesopore values were not markedly different among Fallows and the values 
varied between 8 and 10%. The micropore values varied bettwen 19.3 and 29.7% and higher values were 
observed with Fallow 2 and lower values with Fallow 1. 
The values of soil moisture content varied between 15.9 and 30.1% (data not shown). Fallows 2 and 3 
showed higher values. Available water holding capacity varied between 11.1 and 13.0 cm among the 
three Fallows and these values are equal to 27.7 and 32.7% of deep of soil, respectively (Table 26, Figure 
36). The values of sand content varied between 40.8 and 63.3%. The higher values of sand content were 
observed with Fallow 1 followed by Fallow 3. The values of silt content varied between 19.0 and 24.7% 
with no marked differences either among Fallows or across soil depths. The clay content varied between 
18.4 and 34.4% with higher values for Fallow 2 followed by Fallow 3. Differences in sand size 
distribution across soil depth for three fallows are shown in Figure 37. The values of sand size between 1 
and 0.125 mm of diameter varied between 1.3 and 11.1%. In general, the higher diameter sand particles 
were lower while the lower size sand particles dominated in all three Fallows and their values varied 
between 70 and 87.4 %. These were particularly higher in Fallow 2 which could favor greater retention of 
soil moisture.   
Relationships among root biomass distribution, soil bulk density and available water holding capacity 
across soil depth (0-40 cm) in the three Fallow farms indicated very highly significant positive correlation 
(r= 0.97; P<0.01) between root biomass and available water holding capacity. A highly significant 
negative correlation (-0.87; P<0.01) was observed between soil bulk density and available water holding 
capacity. Based on the available water holding capacity in the three Fallow farms and with the assumption 
of 0.5 cm of water consumption by plants per day during the dry season, we estimate that the water 
available in soil will be adequate for plants of Fallow 1, 2 and 3 for 22, 26 and 25 days, respectively. 
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Table 26.  Differences across soil depth among the three Fallows in root biomass distribution, bulk 
density, soil moisture at field capacity, soil moisture at wilting point and available water holding capacity 
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Figure 36. Differences in available water holding capacity at different soil depth among the three Fallow 
farms before establishing the QSMAS. 












































































Figure 37. Differences in sand size distribution across soil depth among the three fallows before 
establishing the QSMAS. 
Use of minirainfall simulator to determine runoff, water infiltration and soil erosion in Quesungual 
Slash and Mulch Agroforestry System (QSMAS) of different ages 
M. Rivera1, E. Amézquita1, M. Ayarza2, E. García2 and I. Rao1
1TSBF-CIAT, Cali, Colombia; 2TSBF-CIAT, Honduras 
The two main objectives of this study were to determine the impact of the age of Quesungual slash mulch 
agroforestry system (QSMAS) on: (1) the susceptibility to soil erosion, and (2) the extent of runoff, water 
infiltration and soil loss. The main tool used to conduct this study was the minirainfall simulator. This 
helped to evaluate the relationships between soil loss, runoff, water infiltration and soil physical 
characteristics. The main treatments selected for the study were: QSMAS of <2, 5-7 and >10 years of age, 
fallow and slash and burn (SB) plots as control. Measurements were made in each treatment using a 
minirainfall simulator with a rainfall intensity of 80 and 120 mm h-1 for 30 min and these intensities are 
equal to 40 and 60 mm of rainfall. The specifications of the simulated rainfall correspond to rain drops of 
2.75 mm diameter with a mass of 9.92 mg and a terminal velocity of 4.04 m s-1. The area of influence for 
the minirainfall simulator was 0.15 m2. The runoff was collected with collectors by measuring the volume 
at every 5 minutes to determine the dynamics of infiltration, rate of infiltration and erosion. Soil erosion 
was determined by measuring the solids with a subsample of 100 ml that was dried in the oven at 105 ?C



















































Fallow Q< 2 Q5-7 Q>10 SB
Figure 38. Effect of two levels of rainfall intensity (80 and 120 mm h-1) on soil erosion, water infiltration 
and runoff in QSMAS of three ages (Q<2, Q5-7, Q>10 years) compared with Fallow and slash and burn 
(SB) systems under two levels of fertilization (+F; -F). 
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We observed significant differences among system treatments (P<0.01) in terms of eroded soil, runoff 
and water infiltration (Figure 38 and 39). We observed a positive correlation coefficient of 0.56 between 
the values of eroded soil and runoff while a negative correlation coefficient of -0.68 was observed 
between water infiltration and runoff. As expected, soil losses were the highest with the SB treatment 
followed by >10 year-old QSMAS with fertilizer application and with higher intensity of rainfall (120 
mm h-1) (Figure 38). The higher rates of infiltration were observed with >10 year-old Quesungual with no 
fertilizer application followed by Quesungual <2 and 5-7 years-old without fertilizer application (Figure 
38).  The lower value for water infiltration was observed with Fallow treatment with low intensity of 
rainfall. This was due to greater value of soil moisture content observed with this treatment.   
The runoff values were lower with the QSMAS >10 yearls-old and this contributed to higher values of 
water infiltration in this treatment with higher rainfall intensity. The SB treatment and QSMAS 5-7 years-
old treatment showed higher values of runoff with high intensity of rainfall under both (with and without) 
fertilizar application treatments (Figure 39). The Fallows treatment responded differently to the intensity 
of rainfall with higher infiltration with higher rainfall intensity. 
This study indicated that the older QSMAS (>10 years) could minimize soil loss by reducing runoff and 
improving water infiltration. 
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Fallow Q< 2 Q5-7 Q>10 SB
Figure 39. Relationship between runoff and infiltration in QSMAS of three ages (Q<2, Q5-7, Q>10 
years) compared with Fallow and slash and burn (SB) systems under two levels of fertilization (+F; -F). 
N and P dynamics in Quesungual Slash and Mulch Agroforestry System (QSMAS) 
A. Castro1, E. Barrios1, M. Ayarza2, N. Asakawa1, G. Borrero1, J.C. Menjivar3, E. García2 and I. 
Rao1
1TSBF-CIAT, Cali, Colombia; 2TSBF-CIAT, Honduras; 3Universidad Nacional de Colombia, Palmira, 
Colombia
Determination of nutrient dynamics including transformations across pools and transfer across 
compartments constitutes one of the major focuses of the Quesugual Project to define the principles 
contributing to the biophysical resilience of the QSMAS. Since nitrogen (N) and phosphorus (P) are 
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known to be the most limiting nutrients in tropical soils, the main objective of the study on nutrient 
dynamics is to determine the contribution of the components and practices of the system on the 
availability of these two key nutrients and the impact of N and P dynamics on the productivity and 
sustainability of the system. This work reports preliminary results on N-aerobic mineralization and P 
pools (P-fractionation) in Quesungual system of different ages compared with a traditional fallow system.   
The study area is located in Candelaria, department of Lempira, southwest of Honduras. Soil samples 
were taken from the plots at the end of the dry season (late April – early May 2005), after land 
preparation for the new cropping year but before the establishment of the crop in rainy season (which 
defines the sowing moment). Plots were divided into three 3.3 x 10 m as sampling sub-plots, representing 
the high, medium and low sections of the plot in relation to the slope, to be used as replications within the 
farms. In every strip 10 sampling points were used, obtaining initially a sample of litter (0.4 m2 area) 
without removing the fine organic material adhered to the top soil. Then soil samples from 4 depths (0-2.5 
cm, 2.5-5 cm, 5-10 cm and 10-20 cm) were obtained by using 12 cm diameter cylinders. Litter samples 
were pooled in one paper bag while soil samples were pooled and mixed to obtain ~2 kg (wet wt.) 
composite soil samples. All samples were air-dried under shade, ground and sieved (2 mm). Analyses 
were performed in the laboratories of Soil Biology (N mineralization) and Soil Chemistry (P 
fractionation) of CIAT. Statistical analyses to test the effect of land-use system were carried out by 
analysis of variance (ANOVA). If the F-test was significant (P<0.05), the means were compared using 
Tukey’s multiple range test. 
Dynamics of potential N mineralization (amonification and nitrification) were determined after different 
periods (4, 8, 16 and 32 days) of aerobic incubation under laboratory conditions. In general, differences in 
potential soil mineralization (amonification and nitrification) due to land-use systems were smaller than 
the observed differences among soil depths. Soil NH4
+ values showed a marked initial increase up to day 
4, with highest values in QSMAS >10 (40 mg N kg-1 soil) and lowest for QSMAS 5-7 years (27.2 mg N 
kg-1 soil), followed by a diminishing trend showing largest relative differences among treatments after 8 
days of incubation.  Thereafter similar values were found in all systems during the rest of the incubation 
period (Figure 40). In contrast, soil NO3
- values slowly increased with time so that by day 32 soil NO3
-
values were about two-fold to the initial values. The highest relative difference among treatments was 
also found after 8 days of incubation suggesting that this could be the optimal incubation period. Total 
soil inorganic N (NH4
+ + NO3
-) followed a similar trend to that of soil NH4
+, with highest levels for 
QSMAS 10> years. Potential N mineralization was highest for the top soil layer (0-2.5 cm) and then 
decreasing with soil depth. Interactions among sources of variation (systems and depth) were not 
significant. In general, potential N mineralization decreased with time although this pattern was less 
pronounced or absent with increase in soil depth. This can be due to greater amounts of mulch acumulated 
on top soil via litter, biomass and crop residues with increasing time under QSMAS >10 years.  
For P fractionation, although significant differences were found among treatments (with generally higher 
values for QSMAS >10) and depths (with values decreasing across depths), no significant interaction was 
found among those sources of variation (Table 27). In general, QSMAS >10 had higher content of P than 
fallow probably due to the annual addition of P fertilizers (67 kg ha-1). In the biologically available P pool 
(labile Resin-Pi and Bic-Pi and readily mineralizable H2O-Po and Bic-Po fractions), differences were 
observed among organic fractions, while in the moderately resistant (or moderately labile) P pool (NaOH-
Pi and NaOH-Po fractions) differences were in the inorganic fraction, already reported as the main sink of 
applied P.  Clear trends of P accumulation were observed in the residual (not labile Pi and Po) pool, 
which for being the larger pool (63% of total P, compared to 10% and 27% in biologically and 
moderately available P, respectively), thus defined the trends observed in total P and toal inorganic P. The 
Total Po : Total Pi rate reflects the organic composition of the plots, which decreases across years with 
annual slashes of trees as continuous sources of firewood and its consequent reduction of biomass 
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deposition, starting with values of 2.5 in the regenerated fallow and decreasing in the order to 2.2, 2.1 and 
1.5 with QSMAS <2, QSMAS 5-7 and QSMAS >10 years old, respectively.  
Figure 40. Soil NH4
+, NO3
- and total inorganic N during 32 days of incubation of soilsfrom different 
land-use systems in a hillside agroecosystem of southern Lempira, Honduras. Data are the mean of three 





















































































Table 27. Values of soil P in various fractions found at different soil depths of soil collected from different land-use systems in a hillside
agroecosystem of southern Lempira, Honduras. Data are the mean of three replications. 
Resin H20 NaHCO3 NaOH Resid Sum 
Pi Po Pi Po Pi Po Pt Pt‡ Pi† Po§
Treatment
mg kg-1
System           
QSMAS <2 7.7 0.92 a 7.2 8.9 b 12.7 b 51.2 138.2 b 226.7 b 27.5 b 61.0 
QSMAS 5-7 6.7 0.33 b 8.6 11.6 a 14.9 b 52.9 170.3 a  265.4 ab 30.2 b 64.9 
QSMAS >10 8.4 1.35 a 10.6 9.0 b 28.1 a 59.4 181.6 a 298.5 a 47.1 a 69.8 
Fallow 6.3 0.95 a 6.4 9.1 b 13.2 b 54.2 176.7 a 266.9 ab 25.9 b 64.3 
F-test ns       ***       ns       **      ***      ns      **      **      ***      ns 
LSD0.05 --- 0.44       --- 2.1 7.5      --- 30.4 57.3 16.0      --- 
Depth (cm)           
0 – 2.5 12.6 a 1.12 a 13.9 a 10.1 23.4 a 67.1 a 188.3 a 316.5 a 49.9 a 78.4 a 
2.5 – 5 7.5 b 1.00 ab 9.0 b 10.2 18.4 ab 57.4 ab 173.0 ab 276.5 ab 34.9 b 68.6 ab 
5 – 10 5.2 bc 0.80 ab 6.0 bc 9.4 15.2 b 49.7 bc 158.1 ab 244.4 bc 26.5 bc 59.9 bc 
10 – 20 3.6 c 0.63 b 3.9 c 8.8 12.0 b 43.6 c 147.5 b 220.0 c 19.5 c 53.0 c 
F-test      ***         *      ***       ns       **     ***      **     ***     ***     *** 
LSD0.05 3.2 0.57 4.2      --- 9.3 11.5 31.5 48.9 15.0 12.1 
System x Depth ns ns       ns ns       ns       ns       ns       ns       ns      ns 
CV (%) 44.1 46.5 49.4 20.7 38.1 21.9 16.5 15.3 38.7 19.6 
Means within a column followed by the same letter are not significantly different (P=0.05) by Tukey’s multiple range test.  F-test: ***P<0.001, ** 
P=0.001-0.01, *P=0.01-0.05; ns, not significant. 
†Sum Pi = Resin Pi + NaHCO3 Pi + NaOH Pi
§Sum Po = H2O Po + NaHCO3 Po + NaOH Po
‡Sum Pt = Resin Pi + H2O Po + NaHCO3 Pt + NaOH Pt + Resid Pt = Sum Pi + Sum Po + Resid Pt
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After the 2005 sampling to define the baseline for nutrient dynamics, plots including the four production 
systems (Slash and Burn [SB] and QSMAS of different ages) were split (100 m2 plots) in order to apply a 
fertilizer treatment (addition vs. no addition). This would permit to quantify the relative contribution of 
fertilizer application vs. biomass and crop residue application to the systems’ resilience based on 
productivity and yield stability. Results from the SB system will be reported together next year with data 
from with and without fertilizer treatments after a 3 year cycle of cropping. Due to the field variability 
observed in situ and also confirmed through the analysis of variance, future analyses will include the use 
of additional statistical tools that will permit to reduce variability that is inherent to hillside sites. The data 
presented here will be used as baseline and will be pooled with the data that are being collected during the 
3 year cropping cycle to determine the dynamics of both nutrients in the QSMAS compared with the two 
reference systems (slash and burn, fallow).  
N2O and CH4 fluxes during conversion from a secondary forest to Quesungual Agroforestry System 
in southern Lempira, Honduras 
O. Ferreira1, M. Rondón1, M. P. Hurtado1 and M. Ayarza2
1TSBF-CIAT, Cali, Colombia; 2TSBF-CIAT-Honduras 
Fluxes of greenhouse gases (GHG), nitrous oxide (N2O) and methane (CH4) were determined in three 
farms during two years, from the conversion of fallows (secondary forest) to Quesungual Slash and 
Mulch Agroforestry System (QSMAS) in Candelaria, Lempira, Honduras. The GHG samples were 
collected at every three weeks during 24 months for three farms (Farm 1: J. Mejía; Farm 2: L. Arias; 
Farm 3: M. Cruz), from July 2003 to June 2005.  
The protocol used for greenhouse gase (GHG) sampling was: 
a. PVC-ring installation in farms: to determine GHG, the closed chamber technique was used. At the 
beginning of the study, PVC-rings (diameter 25 cm, height 8 cm) were buried approximately 5 cm in 
soil. The rings were located in farms following the toposequence and remain in field throughout the 
study.  
b. Gas sampling: At the moment of sampling, a PVC chamber was placed (diameter 25 cm, height 10 
cm) over the PVC-ring and it’s closed hermetically. A syringe with an adapted valve was used to take 
air samples through the rubber septum located in the top of the chamber, to take an 10 mm air sample 
in every chamber (at time: 0, 12,5, 25 and 37.5 minutes since chamber installation) and then were 
injected in glass bottles with vacuum (by freeze drying).  
c. Temperature registry and soil moisture sampling: temperature inside the chamber was registered in 
the first chamber of every farm (at time: 0, 12, 5, 25 and 37.5 minutes). A soil sample was taken at a 
few centimeters of each chamber to determine soil moisture, (soil sample was placed in oven, 24 
hours and 105 ºC).  
d. Samples identification: air sample bottles were identified with a code with the following information: 
Experiment (Quesungual), Chamber (1 to 4), Farm (1 to 3), time (0, 12, 5, 25 and 37.5 minutes) and 
sampling date (day/month/year).  
e. Samples processing in laboratory: Air samples bottles were sent to CIAT laboratory to determinate 
N2O and CH4 concentrations with a Shimadzu GC-14A gas chromatograph with FID (for CH4) and 
ECD (for N2O) detectors.  
f. GHG flows determination: Finally, N2O and CH4 concentrations obtained with chromatograph, 
temperatures (in ºC) measured in farms, sampling chamber dimensions and gases equation, were 
processed in a spreadsheet to obtain methane and nitrous oxide net fluxes. Samplings throughout the 
time were allowed to establish accumulated net GHG fluxes.  
The results showed the following: for methane fluxes over time, it was observed that the soil in farms 
with QSMAS are sinks for methane. There was an increase in CH4 at the end of the study, especially in 
Farm 1. Nitrous oxide net fluxes through time presented an irregular behavior. At some moments, farms 
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with QSMAS emited nitrous oxide, and in other times they captured. At the end of the study, greater 
nitrous oxide emission was observed in the three farms (Figure 41).  
Cumulative net methane fluxes were: Farm 1 (-275 mg m-2), Farm 2 (-134 mg m-2) and Farm 3 (-150 mg 
m-2). Farm 1 presented the smaller values of CH4emission and Farm 2 the greater values of emission. The 
three farms were CH4 sinks. Accumulated net nitrous oxide fluxes were: Farm 1 (78 mg m
-2), Farm 2 (143 
mg m-2) and Farm 3 (87 mg m-2). Farm 1 presented the smaller N2O levels and Farm 2 the highest levels. 
All farms emitted N2O (Figure 42). 
Figure 41. CH4 and N2O fluxes over time (July 2003-June 2005) in 3 farms (fallows) converted to 
QSMAS
Figure 42. Cumulative CH4 and N2O net fluxes (July 2003-June 2005) in 3 farms (fallows) converted to 
QSMAS.
This work is preliminary and at present GHG fluxes are being monitored in QSMAS plots of different 
ages and different land use systems to quantify the environmental benefits of QSMAS to mitigate global 
change.
Firewood use in rural and urban communities in Candelaria, Lempira, Honduras  
O. Ferreira1, M. Rondón1 and M. Ayarza2
1TSBF-CIAT, Cali, Colombi a; 2TSBF-CIAT-Honduras
We determinated firewood use in rural communities and neighborhoods in Candelaria, southern Lempira, 
Honduras. It was done with a semiestructured survey conducted between September and December 2005 
with an estimated 7% sampling error. We used a total of 35 surveys that included 25 surveys in 6 rural 
communities (El Obrajito, Camapara, San Lorenzo, Gualmuraca, Portillo Flor and Quesungual, all them 




































































           



































and Gualcinse). The results showed that more than a half of the houses don’t have electric energy (72% in 
rural area) and firewood consumption by family per week is about 125 firewood sticks (aprox. 50 cm 
length and 5 cm diameter), equivalent to 3.9 t year-1. The prefered trees for firewood are Cordia alliodora 
and Diphysa american a while Cecropia peltata and Bursera simarouba were identified as the less 
prefered trees. Firewood is generally collected from maize fields by men and children (sons), with an 
average walking distance of 18 minutes, three times per week and usually taking all day to do this task. 
62% of families own a ‘hornilla’ (simple non-technological stove) and 61% of these were outside of the 
house. Headache and eye illness were the two most common health problems mentioned in the surveys. 
Almost 50% would like to change to electric or gas energy and those who wouldn’t change mentioned 
that the main reason for them is that firewood is less expensive. About 48% mentioned that food cooked 
with firewood tastes better especially due to slow cooking time. It is important to study firewood 
consumption dynamics in rural and urban areas to be able to mitigate deforestation in many parts of the 
world, especially in developing countries. 
Application of QSMAS principles to drought- prone areas of Nicaragua: characterization of soil 
chemical and physical properties under traditional and QSMAS validation plots in la Danta 
watershed in Somotillo  
J. Pavon1, 2, E. Amézquita1, O. Menocal2, M. Ayarza2 and I. Rao1
1TSBF-CIAT, Cali, Colombia; 2TSBF-CIAT, Honduras;  2INTA, Nicaragua
One of the main expected outputs of the Quesungual Slash and Mulch Agroforestry System (QSMAS) 
project is to extrapolate the management principles and therefore obtain similar benefits in similar regions 
of Latin America. The Rio La Danta watershed in Somotillo was chosen to carry out validation activities 
with active participation of INTA, UNA and farmer groups. The objective of this study was to: (1) 
characterize changes in soil chemical and physical properties in plots under traditional and QSMAS 
management systems; (2) evaluate changes in soil quality as influenced by slope, management system and 
soil properties; and (3) determine the impact of QSMAS on crop production in comparison with the 
traditional systems.  
The work is in progress in the Rio La Danta watershed in Somotillo, Nicaragua (13º 04? 45” N, 85º 47?
25” W and 13° 08’39’’N, 86° 49’59’’ W). Annual precipitation is 700 to 900 mm with a long dry season 
of up to six months. The mean annual temperature varies from 25 to 34 ?C. Altitude varies from 200-500 
masl. Soils are shallow Inceptisols with a loamy texture. Six farms were selected to plant crops in plots of 
900 m2 using three management systems: (1) QSMAS; (2) residues left on the soils; and (3) traditional 
slash and burn. A fallow treatment was included in the study as a comparison with the natural system. 
Crops were planted with a minimum disturbance to the soil. Soil samples were taken at three positions in 
each plot according to slope (lower, medium and upper part). Samples were taken at four soil depths (0-5, 
5-10, 10-20 and 20-40 cm) from 50x50x50 cm soil pits. With undisturbed soil samples, water retention 
curves were determined to measure hydraulic conductivity, bulk density was determined to measure soil 
permeability and susceptibility to compaction, and pore size distribution was determined to measure total 
porosity. With disturbed soil samples, the follwing measurements were made: chemical analysis, texture, 
real density, aggregate distribution and stability of aggregates (>6, 4, 2 and 1 mm). Maize was planted in 
each systemI in 2005 and 2006 in order to evaluate production dynamics over time. 
Differences in pore size distribution for each treatment at four soil depths are shown in Figure 43. All 
treatments showed a macroporosity value greater than 50%. Mesoporosity values varied from 18-27% 
with lower values at 0-10 cm soil depth. 
Differences in maize grain yields for 2005 and 2006 are shown in Figure 44. Crop yields were slightly 
higher in the slash and burn plots in comparison to the QSMAS plots probably due to the nutrient supply 
from ashes. This effect disappeared in 2006 when crop yields in this treatment decreased by 40% while 
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crop yields in the QSMAS and residues treatment decreased only by 11 and 15% respectively. Further 
work is in progress.
Figure 43. Differences in distribution of macro, meso and micropores among four different systems of 
land use in Somotillo, Nicaragua. 
Figure 44. Differences in grain yield of maize during 2005 and 2006 among three different systems of 
land use in La Danta, Somotillo, Nicaragua. 
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Output target 2009 
? Local baselines and interviews show that farmers’ understanding of soil processes is demonstrably 
enhanced within community-based experimentation in at least 5 benchmark sites 
Published work 
Chianu1, J., Vanlauwe1, B., Mukalama1, J., Adesina2, A. and Sanginga1, N. (2006) Farmer 
evaluation of improved soybean varieties being screened in five locations in Kenya: Implications for 
research and development. African Journal of Agricultural Research 1(5): 143–150. 
1TSBF-CIAT, Kenya; 2Rockefeller Foundation, Kenya 
Abstract: In order to determine the improved soybean varieties that if recommended to the farmers 
would have a high probability of adoption, a farmer participatory approach was used to evaluate 12 
soybean varieties at full podding in five locations (Oyani, Riana, Kasewe, Akiites, and Mabole) in 
western Kenya. These comprise of 11 improved varieties (TGx1871-12E, TGx1895-4F, TGx1895-33F, 
TGx1895-49F, TGX1878-7E, TGx1893-7F, TGx1893-10F, TGx1740-2F, TGx1448-2E, NAMSOY 4m, 
and MAKSOY 1n) and one local variety (Nyala). Farmers generate all the 17 criteria for use in the 
evaluation, with researchers only facilitating. One hundred and two farmers (52% females) participated in 
the evaluation. A scoring matrix was employed to articulate the results. Data analysis was done using 
Microsoft Excel. This paper shows that of the seven dual-purpose varieties tested in all the five locations, 
only TGx1740-2F was acceptable in all. Some varieties were acceptable in specific locations: TGx1895-
49F in Oyani, Nyala in Kasewe, TGx1448-2E in Akiites, and TGx1893-7F in Mabole. This result shows 
that to avoid low adoption, a blanket recommendation of varieties that were accepted only in selected 
locations must be avoided. TGx1740-2F was the only variety that could be recommended across locations 
and that was clearly better than the existing farmers’ own variety, Nyala.
Work in Progress 
Evaluation of the farmers’ use of organic and inorganic nutrient in the farming systems of Kenya 
and Uganda and the relationship with market access 
J.Chianu1,2, O. Ajani2, B. Vanlauwe1, P. Kalunda3, I. Ekise1,  J. Opondo4, N. Sanginga1 and A. 
Adesina5
1TSBF-CIAT, Kenya; 2University of Ibadan, Nigeria; 3NARO, Uganda; 4Dominion Farms, Siaya District, 
Kenya; 5Rockefeller Foundation, Kenya 
Organic and inorganic nutrients are critical for agricultural factor productivity in the farming systems of 
Kenya and Uganda. There is a general feeling that the use of organic and inorganic nutrients by farmers 
bears some relationship with their access to market for inputs and outputs. However, this relationship is 
not yet fully understood. Various schools of thought hold different views regarding how access to market 
affects the use of organic and inorganic fertilizers and how different typologies (rich vs. poor farmers, 
male-headed vs. female-headed farm households, old farmers vs. young farmers, farmers with secure land 
tenure vs. farmers with insecure land tenure, etc.). In addition to this, some people simply belief that 
farmers who are able to sell their farm output automatically invest part of the proceeds on the purchase of 
organic and inorganic fertilizers. 
The objectives of this study are: (1) to evaluate the use of organic and inorganic fertilizers in the farming 
systems of Kenya and Uganda, (2) to establish the relationship farmers’ access to market (input and 
output) and their use of organic and inorganic fertilizers, (3) to evaluate how access to market influences 
the behavior of different typologies of farmers towards the use or organic and inorganic fertilizers, and (4) 
make recommendations on how to improve the use of organic and inorganic fertilizers by different 
typologies of farmers in Kenya and Uganda and similar environments. 
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This study was carried out in selected districts in Kenya and Uganda. Data for the attainment of the 
objective of this study were collected from randomly selected farm households that include those that fall 
into the different typologies (rich vs. poor farmers, male-headed vs. female-headed farm households, old 
farmers vs. young farmers, farmers with secure land tenure vs. farmers with insecure land tenure, etc.) of 
interest and from two broad market access (poor market access vs. good market access) categories. This 
primary data are being complemented with data from secondary sources (reports, published articles, 
books, etc.) and key informant interviews. Data processing using Microsoft Excel and SPSS is in 
progress.
Data collection for the Uganda arm of the study was just completed. Data processing (validation and 
cleaning, and analysis) is still ongoing. Preliminary results based on data from Kenya indicate that even 
though agriculture is the main source of income and other aspects of improved livelihoods, households 
tended to pay less attention to farm input-related expenses (mineral fertilizers, organic fertilizers, seeds, 
etc.) when allocating their little financial resources. Preference is often given to items such as paraffin, 
food, health and medication and social contributions. Our results also show a high wealth inequality 
among farm households in western Kenya. This was in terms of both household wealth (with a Gini-
coefficient of 0.52) and per capita wealth (with a Gini-coefficient of 0.55). The high level of inequality 
calls for more attention on proper targeting of pro-poor development activities to ensure that the poorest 
of the poor are adequately catered for. 
Baseline study on soybeans (production, processing, utilization and marketing) in the farming 
systems of East Africa (Kenya, Uganda, and Tanzania) 
J. Chianu1, B. Vanlauwe1,  P. Kalunda2, H. de Groote3, N. Sanginga1, A. Adesina4, F. Myaka5, Z. 
Mkangwa5, and J. Opondo6
1TSBF-CIAT, Kenya; 2NARO, Uganda; 3CIMMYT, Kenya; 4Rockefeller Foundation, Kenya ; 5Ilonga 
Research Institute, Tanzania; 6Dominion Farms, Siaya District, Kenya 
Soybean was introduced in the farming systems of Kenya, Uganda, and Tanzania many decades ago. 
However, the crop has remained a minor crop despite its great potentials for improving household food 
and nutrition security (through quality food supply), household cash income (through the sales of soybean 
and soybean products), household health (through the provision of high quality protein-rich food), and 
soil fertility improvement (through its atmospheric nitrogen-fixing ability). Literature indicates that low 
yield, lack of knowledge on its utilization, and lack of market are among the key factors that have 
contributed to lack of adoption of soybeans in the farming systems of East Africa. A recent effort based 
on improved dual-purpose promiscuous soybeans varieties sourced from IITA, Ibadan, Nigeria has been 
commenced by TSBF-CIAT. 
This study aims at documenting the baseline data (on production, processing, utilization, and marketing) 
in order to have sufficient information to assess the impact of the improved dual-purpose promiscuous 
soybeans varieties on the soybean sub-sector in East Africa in future. 
This study is being carried out in selected districts in the three countries. Data for the attainment of the 
objective of this study are being collected from primary sources (household-level and community-level 
surveys using questionnaires), secondary sources (reports, published articles, books, etc.) and key 
informant interviews. Data processing is being executed using many computer applications including 
Microsoft Excel, SPSS, and SAS. 
Data collection for both the Kenya and the Uganda arms of the study has been completed. The data have 
also been entered into the computer and are currently being processed (including validation and cleaning, 
and analysis). The implementation of the baseline community-level and household-level socioeconomic 
data collection in Tanzania has commenced with the listing of the male and female farmers who grow or 
do not grow soybean in two villages (Kidegembye and Image) selected from Njombe district. The 
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distribution of household with respect to soybean growing status and gender of household head is as in 
Table 28 below. 
Table 28. Summary of households (number) listed in two villages in Njombe district of Tanzania. 
 Gender of household head 
Village Soybean growing status Male-headed Female-headed Total
Kidegembye Soybean growing 30 26 56 
 Non-soybean growing 322 218 540 
     
Image Soybean growing 42 0 42 
 Non-soybean growing 467 200 667 
    
Total across soybean growing status 861 444 1305 
Source: Summarized from household listing data, 2006/2007  
Using these frames, the baseline community-and household-level surveys are planned for the second half 
of 2007. 
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Output target 2009 
? The potential for occurrence of positive interactions between organic and mineral inputs is 
evaluated for the most common cropping systems in each mandate area 
Published work 
Okalebo1, J.R., Othieno1, C.O., Woomer2, P.K., Karanja3, N.K., Semoka4, J.R.M., Bekunda5, M.A., 
Mugendi6, D.N., Muasya7, R.M., Bationo8, A. and Mukhwana2, E.J. (2006) Available technologies to 
replenish soil fertility in East Africa. Nutrient Cycling in Agroecosystems 76:153–170 
1Moi University Eldoret, Kenya; 2SACRED Africa, Kenya; 3University of Nairobi, Kenya; 4Sokoine 
University, Tanzania; 5Makerere University, Uganda; 6 Kenyatta University, Kenya;; 8TSBF – CIAT, 
Kenya
Abstract: Low inherent soil fertility in the highly weathered and leached soils largely accounts for low 
and unsustained crop yields in most African countries. But in particular, the major nutrients, nitrogen (N) 
and phosphorus (P) are commonly deficient in these soils. This scenario of nutrient depletion is reflected 
in food deficits and hence the food aid received continuously, specifically in sub-Saharan Africa. 
Undoubtedly, substantial efforts have been made in the continent to replenish the fertility of degraded 
soils in attempts to raise crop yields, towards self-sufficiency and export. Such efforts consist of 
applications of both organic and inorganic resources to improve the nutrient status of soils and enhanced 
nutrient uptake by crops, provided that soil moisture is adequate. Overall, positive crop responses to these 
materials have been obtained. Thus in the East African region, maize (staple) yields have been raised in 
one growing season from below 0.5 t ha-1 without nutrient inputs, to 3–5 t ha-1 from various nutrient 
amendments at the small hold farm level. However, in spite of the positive crop responses to nutrient 
inputs, farmers are generally slow to adopt the soil fertility management technologies. In this paper we 
review the impact of some technologies, focusing the use of nutrient resources of different characteristics 
(qualities) in relation to improved crop yields, with an overall goal to enhance technology adoption. Thus, 
inorganic resources or fertilizers often give immediate crop responses, but their use or adoption is rather 
restricted to large-scale farmers who can afford to buy these materials. Organic resources, which include 
crop residues, water hyacinth and agro forestry shrubs and trees, are widely distributed, but they are 
generally of low quality, reflecting the need to apply large quantities to meet crop nutrient demands. 
Moreover, most organics will add N mainly to soils. On the other hand, phosphate rocks of varying 
reactivity are found widely in Africa and are refined elsewhere to supply soluble P sources.  
The recently developed soil fertility management options in East Africa have targeted the efficient use of 
N and P by crops and the integrated nutrient management approach. Some people have also felt that the 
repackaging of inputs in small, affordable quantities, such as the PREP-PAC described in this paper, may 
be an avenue to attract small hold farmers to use nutrient inputs. Nonetheless, crop responses to nutrient 
inputs vary widely within and across agroecozones (AEZs), suggesting specificity in recommendations. 
We highlight this observation in a case study whereby eight soil fertility management options, developed 
independently, are being tested side-by-side at on-farm level. Farmers will be empowered to identify 
technologies from their own choices that are agronomically effective and economically friendly. This 
approach of technology testing and subsequent adoption is recommended for technology development in 
future.
Mafongoya1, P.L., Bationo2, A., Kihara2, J. and Waswa2, B.S. (2006) Appropriate technologies to 
replenish soil fertility in southern Africa. Nutrient Cycling in Agroecosystems 76:137–151 
1ICRAF,Zambia, 2TSBF – CIAT 
Abstract: In southern Africa, soil nutrient reserves are being depleted because of continued nutrient 
mining without adequate replenishment. The consequent downward spiral of soil fertility has led to a 
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corresponding decline in crop yields, food insecurity, food aid and environmental degradation. The 
central issue for improving agricultural productivity in southern Africa is how to build up and maintain 
soil fertility despite the low incomes of smallholder farmers and the increasing land and labour constraints 
they face. Under this review five main options namely: inorganic fertilizers, grain legumes, animal 
manures, integrated nutrient management and agroforestry options appropriate to smallholder farmers are 
presented. Issues addressed in the use of inorganic fertilizers are reduction in fertilizer costs, timely 
availability and use efficiency. Legumes can be used to diversify farm system productivity but this 
requires P and lime application to support better legume growth and biological nitrogen fixation (BNF) as 
well as development of markets for various legume products. Manure availability and quality are central 
issues in increasing smallholder farm productivity and increasing its efficiency through proper handling 
and application methods. Integrated nutrient management of soil fertility by combined application of both 
inputs will increase use efficiency of inputs and reduce costs and increase profitability; but the challenge 
is often how to raise adequate amounts of either inorganic or organic inputs. Issues such as quality of 
inputs, nutrient balancing, labour to collect and transport organic inputs and their management need to be 
optimized. These are the challenges of adoption as are the scaling up of these options to millions of small-
scale farmers.
Fatondji1, D., Martius2, C., Bielders3, C.L., Vlek2, P.L.G., Bationo4, A. and Gerard1, B. (2006) Effect 
of planting technique and amendment type on pearl millet yield, nutrient uptake, and water use on 
degraded land in Niger. Nutrient Cycling in Agroecosystems 76:203–217 
1ICRISAT-Niger; 2ZEF, UNI-Bonn, Germany; 3Universite´ catholique de Louvain (ULC), Belgium; 
4TSBF-CIAT,Kenya  
Abstract: Due to increased population pressure and limited availability of fertile land, farmers on desert 
fringes increasingly rely on marginal land for agricultural production, which they have learned to 
rehabilitate with different technologies for soils and water conservation. One such method is the 
indigenous zai technique used in the Sahel. It combines water harvesting and targeted application of 
organic amendments by the use of small pits dug into the hardened soil. To study the resource use 
efficiency of this technique, experiments were conducted 1999–2000, on-station at ICRISAT in Niger, 
and on-farm at two locations on degraded lands. On-station, the effect of application rate of millet straw 
and cattle manure on millet dry matter production was studied. On-farm, the effects of organic 
amendment type (millet straw and cattle manure, at the rate of 300 g per plant) and water harvesting (with 
and without water harvesting) on millet grain yield, dry matter production, and water use were studied. 
First, the comparison of zai vs. flat planting, both unamended, resulted in a 3- to 4-fold (in one case, even 
19-Fold) increase in grain yield on-farm in both years, which points to the yield effects of improved water 
harvesting in the Zai alone. Zai improved the water use efficiency by a factor of about 2.  
The yields increased further with the application of organic amendments. Manure resulted in 2–68 times 
better grain yields than no amendment and 2–7 times better grain yields than millet straw (higher on the 
more degraded soils). Millet dry matter produced per unit of manure N or K was higher than that of millet 
Straw, a tendency that was similar for all rates of application. Zai improved nutrient uptake in the range of 
43–64% for N, 50–87% for P and 58–66% for K. Zai increased grain yield produced per unit N (8 vs. 5 
kg kg-1) and K (10 vs. 6 kg kg-1) compared to flat; so is the effect of cattle manure compared to millet 
straw (9 vs. 4 kg kg-1, and 14 vs. 3 kg kg-1), respectively, Therefore zai shows a good potential for 
increasing agronomic efficiency and nutrient use efficiency. Increasing the rate of cattle manure 
application from 1 to 3 t ha-1 increased the yield by 115% TDM, but increasing the manure application 
rate further from 3 to 5 t ha-1 only gave an additional 12% yield increase, which shows that optimum 
application rates are around 3 t ha-1.
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Kimetu1,7, J.M., Mugendi2, D.N., Bationo1, A., Palm3, C.A., Mutuo4, P.K., Kihara1, J., Nandwa5, S. 
and Giller6, K. (2006)  Partial balance of nitrogen in a maize cropping system in humic nitisol of 
Central Kenya. Nutrient Cycling in Agroecosystems 76: 261-270 
1TSBF-CIAT), Kenya; 2Kenyatta University, Kenya; 3The Earth Institute at Columbia University, USA; 
4World Agroforestry Centre (ICRAF),Kenya; 5National Agricultural Research Laboratories (NARL),  
Kenya; 6Wageningen University, The Netherlands; 7Cornell University, USA 
Abstract: The application of nitrogen in a soil under agricultural production is subject to several 
pathways including de-nitrification, leaching and recovery by an annual crop. This is as well greatly 
influenced by the management practices, nitrogen source and soil conditions. The main objective of this 
study was to investigate the loss of nitrogen (N) through nitrous oxide (N2O) emissions and mineral N 
leaching and uptake by annual crop as influenced by the N source. The study was carried out at Kabete in 
Central Kenya. Measurements were taken during the second season after two seasons of repeated 
application of N as urea and Tithonia diversifolia (tithonia) leaves. Results obtained indicated that nitrous 
oxide (N2O) emissions at 4 weeks after planting were as high as 12.3 lg N m
-2 h-1 for tithonia treatment 
and 2.9 lg N m-2 h-1 for urea treatment. Tithonia green biomass treatment was found to emit N2O at 
relatively higher rate compared to urea treatment. This was only evident during the fourth week after 
treatment application. Soil mineral N content at the end of the season increased down the profile. This 
was evident in the three treatments (urea, tithonia and control) investigated in the study. Urea treatment 
exhibited significantly higher mineral N content down the soil profile (9% of the applied N) compared to 
tithonia (0.6% of the applied N). This was attributed to the washing down of the nitrate-N from the 
topsoil accumulating in the lower layers of the soil profile. However, there was no significant difference 
in N content down the soil profile between tithonia treatment and the control. It could be concluded that 
there was no nitrate leaching in the tithonia treatment. N recovery by the maize crop was higher in the 
urea treatment (76% of the applied N) as compared to tithonia treatment (55.5% of the applied N). This 
was also true for the residual mineral N in the soil at the end of the season which was about 7.8% of the 
applied N in the urea treatment and 5.2% in the tithonia treatment. From this study, it was therefore 
evident that although there is relatively lower N recovery by maize supplied with tithonia green biomass 
compared to maize supplied with urea, more nitrogen is being lost (through leaching) from the soil–plant 
system in the urea applied plots than in tithonia applied plots. However, a greater percentage (37.8%) of 
the tithonia-applied N could not be accounted for and might have been entrapped in the soil organic 
matter unlike urea-applied N whose greater percentage (92%) could be accounted for.
Mtambanengwe1, F., Mapfumo1, P. and Vanlauwe2, B. (2006) Comparative short-term effects of 
different quality organic resources on maize productivity under two different environments in 
Zimbabwe. Nutrient Cycling in Agroecosystems 76:271-284
1University of Zimbabwe, Zimbabwe; 2TSBF - CIAT, Kenya 
Abstract: Major challenges for combined use of organic and mineral nutrient sources in smallholder 
agriculture include variable type and quality of the resources, their limited availability, timing of their 
relative application and the proportions at which the two should be combined. Short-term nutrient supply 
capacity of five different quality organic resources ranging from high to low quality, namely Crotalaria 
juncea, Calliandra calothyrsus, cattle manure, maize stover and Pinus patula sawdust were tested in the 
field using maize as a test crop. The study was conducted on two contrasting soil types at Makoholi and 
Domboshawa, which fall under different agro-ecological regions of Zimbabwe. Makoholi is a semi-arid 
area (<650 mm yr-1) with predominantly coarse sandy soils containing approximately 90 g kg-1 clay while 
Domboshawa (>750 mm yr-1) soils are sandy-clay loams with 220 g kg-1 clay. Each organic resource 
treatment was applied at low (2.5 t C ha-1) and high (7.5 t C ha-1) biomass rates at each site.  
Each plot was sub-divided into two with one half receiving 120 kg N ha-1 against zero in the other. At 
Makoholi, there was a nine-fold increase in maize grain yield under high application rates of C.juncea 
over the unfertilized control, which yielded only 0.4 t ha-1. Combinations of mineral N fertilizer with the 
leguminous resources and manure resulted in between 24% and 104% increase in grain yield against sole 
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fertilizer, implying an increased nutrient recovery by maize under organic -mineral combinations. Maize 
biomass measured at 2 weeks after crop emergence already showed treatment differences, with biomass 
yields increasing linearly with soil mineral N availability (R2= 0.75). This 2-week maize biomass in turn 
gave a positive linear relationship (R2= 0.82) with grain yield suggesting that early season soil mineral N 
availability largely determined final yield. For low quality resources of maize stover and sawdust, 
application of mineral N fertilizer resulted in at least a seven-fold grain yield increase compared with sole 
application of the organic resources. Such nutrient combinations resulted in grain harvest indices of 
between 44% and 48%, up from a mean of 35% for sole application, suggesting the potential of 
increasing maize productivity from combinations of low quality resources with mineral fertilizer under 
depleted sandy soils. At Domboshawa, grain yields averaged 7 t ha-1 and did not show any significant 
treatment differences. This was attributed to relatively high levels of fertility under the sandy-clay loams 
during this first year of the trial implementation. Differences in N supply by different resources were only 
revealed in grain and stover uptake. Grain N concentration from the high quality leguminous resources 
averaged 2% against 1.5% from sawdust treatments. We conclude that early season soil mineral N 
availability is the primary regulatory factor for maize productivity obtainable under poor sandy soils. 
Maize biomass at 2 weeks is a potential tool for early season assessment of potential yields under 
constrained environments. However, the likely impact on system productivity following repeated 
application of high N-containing organic materials on different soil types remains poorly understood.
Ouattara1, B., Ouattara1, K., Serpantie2, G., Mando, A., Se´dogo1, M.P. and Bationo, A. (2006)
Intensity cultivation induced effects on soil organic carbon dynamic in the western cotton area of 
Burkina Faso. Nutrient Cycling Agroecosystem 76: 331–339 
1INERA, Burkina Faso; IRD, Madagascar; 3IFDC, Togo; 4TSBF-CIAT, Kenya 
Abstract: The soil organic carbon (SOC) dynamic is a key element of soil fertility in savannah 
ecosystems that form the key agricultural lands in sub-Saharan Africa. In the western part of Burkina 
Faso, the land use is mostly linked to cotton-based cropping systems. Use of mechanization, pesticides, 
and herbicides has induced modifications of the traditional shifting cultivation and increased the need for 
sustainable soil fertility management. The SOC dynamic was assessed based on a large typology of land 
cultivation intensity at Bondoukui. Thus, 102 farm plots were sampled at a soil depth of 0–15 cm, 
considering field–fallow successions, the cultivation phase duration, tillage intensity, and soil texture. 
Physical fractionation of SOC was carried out by separating the following particle size classes: 2,000–
200, 200–50, 50–20, and 0–20 lm. The results exhibited an increase in SOC stock, and a lower depletion 
rate with increase in clay content. After a long-term fallow period, the land cultivation led to an annual 
loss of 31.5 g m–2 (2%) of its organic carbon during the first 20 years. The different fractions of SOC 
content were affected by this depletion depending on cultivation intensity. The coarse SOC fraction 
(2,000–200 lm) was the most depleted. The ploughing-in of organic matter (manure, crop residues) and 
the low frequency of the tillage system produced low soil carbon loss compared with annual ploughing. 
Human-induced disturbances (wildfire, overgrazing, fuel wood collection, decreasing fallow duration, 
increasing crop duration) in savannah land did not permit the SOC levels to reach those of the shifting 
cultivation system. 
Vanlauwe1, B., Tittonell2, P. and Mukalama1, J. (2006) Within-farm soil fertility gradients affect 
response of maize to fertilizer application in western Kenya. Nutrient Cycling in Agroecosystems 
76: 171-182
TSBF-CIAT, Nairobi, Kenya 
Abstract: Different fields within a farm have been observed to have different soil fertility status and this 
may affect the response of a maize crop to applied N, P, and K fertilizer. A limiting nutrient trial was 
carried out at six farms each, in three districts of Western Kenya. In each of the farms, the following 
treatments were laid out in three fields with different soil fertility status at different distances from the 
homestead (close, mid-distance, remote fields): no inputs, application of NPK, NP, NK, or PK fertilizer 
(urea, triple super phosphate, KCl) to maize. Total soil N decreased at all sites with distance to the 
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homestead (from 1.30 to 1.06 g kg-1), as did Olsen-P (from 10.5 to 2.3 mg kg-1). Grain yields in the no-
input control plots reflected this decrease in soil fertility status with distance to the homestead (from 2.59 
to 1.59 Mg ha-1). In the NPK treatments, however, this difference between field types disappeared (from 
3.43 to 3.98 Mg ha-1), indicating that N and P are the major limiting nutrients in the target areas. 
Response to applied N was related to the soil total N content in Aludeka and Shinyalu, but not in 
Emuhaya, probably related to the high use of partially decomposed organic inputs with limited N 
availability. Consequently, response to applied N decreased with distance to the homestead in Aludeka 
(from 0.95 kg kg-1 relative yield to 0.55 kg kg-1) and Shinyalu (from 0.76 kg kg-1 to 0.47 kg kg-1), but not 
in Emuhaia (from 0.75 kg kg-1 to 0.68 kg kg-1). Response to applied P was related to the soil Olsen-P 
content at all sites. While for farms with a relatively high Olsen-P gradient, response to applied P 
decreased with distance to the homestead (from 0.99 kg kg-1 to 0.68 kg kg-1), large variability in Olsen-P 
gradients across field types among farms within a specific site often masked clear differences in response 
to P between field types for a specific site. Clear scope for field-specific fertilizer recommendations 
exists, provided these are based on local soil knowledge and diagnosis. Scenario analysis, using farm-
scale modelling tools, could assist in determining optimum allocation strategies of scarcely available 
fertilizer for maximum fertilizer use efficiency. 
Bationo,1 A., Vanlauwe, B., Kihara, and Kimetu, J.  (2007) Soil organic carbon dynamics, functions 
and management in West African agro-ecosystems. Agriculture Systems 94: 13-25 
TSBF-CIAT, Nairobi, Kenya 
Abstract: Soil fertility depletion (mainly N, P and carbon) has been described as the single most 
important constraint to food security in West Africa. Over half of the African population is rural and 
directly dependent on locally grown crops. Further, 28% of the population is chronically hungry and over 
half of people are living on less than US$1 per day as a result of soil fertility depletion. Soil organic 
carbon (SOC) is simultaneously a source and sink for nutrients and plays a vital role in soil fertility 
maintenance. In most parts of West Africa agro-ecosystems (except the forest zone), the soils are 
inherently low in SOC. The low SOC content is due to the low shoot and root growth of crops and natural 
vegetation, the rapid turnover rates of organic material as a result of high soil temperatures and fauna 
activity particularly termites and the low soil clay content. With kaolinite as the main clay type, the cation 
exchange capacity of the soils in this region, often less that 1 cmol kg-1, depends heavily on the SOC. 
There is a rapid decline of SOC levels with continuous cultivation. For the sandy soils, average annual 
losses may be as high as 4.7% whereas with sandy loam soils, losses are lower, with an average of 2%. To 
maintain food production for a rapidly growing population application of mineral fertilizers and the 
effective recycling of organic amendments such as crop residues and manures are essential. Crop residue 
application as surface mulch can play an important role in the maintenance of SOC levels and 
productivity through increasing recycling of mineral nutrients, increasing fertilizer use efficiency, and 
improving soil physical and chemical properties and decreasing soil erosion. However, organic materials 
available for mulching are scarce due to a low overall production levels of biomass in the region as well 
as their competitive use as fodder, construction material and cooking fuel. Animal manure has similar role 
as residue mulching for the maintenance of soil productivity but it will require between 10 and 40 ha of 
dry season grazing and between 3 and 10 ha of rangeland of wet season grazing to maintain yields on one 
hectare of cropland. The potential of manure to maintain SOC levels and maintain crop production is thus 
limited by the number of animals and the size and quality of the rangeland. The potential livestock 
transfer of nutrients in West Africa is 2.5 kg N and 0.6 kg P per hectare of cropland. Scarcity of organic 
matter calls for alternative options to increase its availability for improvement of SOC stock. Firstly, the 
application of mineral fertilizer is a prerequisite for more crop residues at the farm level and the 
maintenance of soil organic carbon in West African agro-ecosystems and therefore most research should 
focus on the improvement of nutrient use efficiency in order to offer to the smallholder farmers cost-
effective mineral fertilizer recommendations. Secondly, recent success story on increasing crop 
production and SOC at the farm level is the use of the dual purpose grain legumes having ability to derive 
a large proportion of their N from biological N fixation, a low N harvest and substantial production of 
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both grain and biomass. Legume residues can be used for improvement of SOC through litter fall, or for 
feeding livestock with the resultant manure being returned to the crop fields. In the decision support 
system for organic matter management, recommendations for appropriate use of organic material was 
made based on their resource quality, expressed as a function of N, polyphenol and lignin content. High 
quality organic materials release a high proportion of their N quickly. The impact of organic resource 
quality on SOC is less clear. Low quality organic resources contain substantial amounts of soluble 
polyphenols and lignins that may affect the longer-term decomposition dynamics and contribute to the 
build up of SOC. Future research needs to focus more on whether the organic resource quality concept is 
also useful for predicting different degrees of stabilization of applied organic C in one or more of the 
organic matter pools.
Completed work 
Innovations for increasing productivity through improved nutrient use in Africa 
M.C.S. Wopereis1, K. E. Giller2, A. Maatman3, B. Vanlauwe4, A. Mando3 and A. Bationo4
1Cirad, France; 2Wageningen University, the Netherlands; 3IFDC, Togo; 4TSBF-CIAT, Kenya 
Poor soil fertility is regarded as the underlying factor limiting productivity in African agriculture. 
Substantial knowledge has been accumulated on different approaches to manage soil fertility in 
smallholder farms in Africa. Nevertheless the lack of adoption of various technologies, or the absence of 
widespread testing and experimentation by farmers, are often disappointing. We argue that this is related 
to the lack of integration of available knowledge and the lack of holistic and participatory approaches that 
foster technical and institutional change. Systems approaches, employing relatively simple summary type 
models across disciplines, can help disentangle the complexity of farmer decision making at farm scale. 
Such decision-making is often a compromise between the potential for short-term maximization of crop 
and livestock production and investment for sustainable production in the long term. An example is the 
NUANCES (Nutrient Use in Animal and Cropping systems – Efficiency and Scales) framework that 
assists with the analyses of different soil improving technologies in the context of farmers' strategies. It 
allows for spatial and temporal variability of resource use and access to land, labour, technologies and 
markets. Spatial patterns of soil fertility are often very pronounced in Africa, with farmers preferentially 
allocating manure, mineral fertilizers and labour to fields close to the homestead, resulting in strong soil 
fertility gradients at farm and village level.  
We show that clear scope for field-specific fertilizer management recommendations exists, provided they 
are based on local soil knowledge and diagnosis. Tools such as NUANCES are useful as they allow for 
ex-ante analyses and allow targeting technologies to specific types of farmers, and for identification of 
more appropriate technologies. They can for example help in determining optimum allocation strategies 
of mineral fertilizers across farms to enhance their efficiency. To promote innovations for increasing 
productivity through improved nutrient use in Africa will require holistic and dynamic approaches that 
foster both technical and institutional change, based on solid understanding of the farmer context. This 
involves the participatory development of soil management technologies with coordinated efforts to 
experiment and extend alternative institutional arrangements that link farmers with input-dealers, rural 
bankers and traders and strengthens the innovative capacities of the various stakeholders involved. A 
major challenge is to find pathways for action that recognize the heterogeneity of institutions and the 
diversity and conflicting agendas of the actors involved. Systemic inquiry by multi-disciplinary ‘teams', 
involving facilitators from different institutions, is needed. Such teams need to place more emphasis on 
farmer experimentation and adaptation according to the prevailing agro-ecological and socio-economic 
conditions rather than on technology prescriptions.
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Assessment of cowpea and groundnut contributions to soil fertility and succeeding sorghum yields 
in the Guinean savannah zone of Burkina Faso (West Africa) 
B. V. Bado1, A. Bationo2 and M. P. Cescas3
1INERA, Burkina Faso ; 2 TSBF-CIAT, Kenya; 3FSSA, Canada. 
Atmospheric biological nitrogen fixation (BNF) by cowpea (Vigna unguiculata) and groundnut (Arachis
hypogea) was evaluated using a two years (2000-2001) experiment with deferent fertilizer treatments. The 
15N isotopic dilution method with a non-fixing cowpea as test reference crop was used. The effects of the 
two legumes on soil N availability and succeeding sorghum (Sorghum bicolor) yields were measured. 
Groundnut fixed 8 to 23 kg N ha-1 and the percentage of N derived from the atmosphere varied from 27 to 
34%. Cowpea fixed 50 to 115 kg N ha-1 and the percentage of N derived from the atmosphere varied from 
52 to 56%. Compared to mineral NPK fertilizer alone, legumes fixed more N from the atmosphere when 
dolomite or manure was associated with mineral fertilizers. Compared to soluble phosphate, phosphate 
rock increased BNF by cowpea. Significant correlation (p?0.05, R2=0.94) was observed between total N 
yields of legumes and total N derived from atmosphere. Compared to mono cropping of sorghum, the 
soils of cowpea-sorghum and groundnut-sorghum rotations increased soil mineral N from 15 and 22 kg N 
ha-1,  respectively. Cowpea-sorghum and groundnut-sorghum rotations doubled N uptake and increased 
succeeding sorghum yields from 290 and 310%, respectively. Results suggested that, despite their ability 
to fix atmospheric nitrogen, N containing fertilizers (NPK) are recommended for the two legumes. The 
applications of NPK associated with dolomite or cattle manure or NK fertilizer associated with phosphate 
rock were the better recommendations which improved BNF, legumes and succeeding sorghum yields. 
Improving soil fertility through the use of organic and inorganic plant nutrient and crop rotation in 
Niger
A. Adamou1, A. Bationo2, R. Tabo1 and S. Koala1
1ICRISAT, Niger; 2TSBF-CIAT, Kenya
Food production can be increased through the integration of organic and inorganic nutrient sources 
coupled with proper land management. Niger is one of the poorest countries in the Sahelian zone of West 
Africa where soil fertility and rainfall are the most limiting factors for crop production. The majority of 
the people in this region depend on subsistence agriculture for their livelihood. The population pressure 
has decreased the availability of arable land and the use of extended fallow periods to restore soil fertility 
is not possible.  
Research results have shown that yields can be increased up to five times with the improvement of soil 
fertility using a combination of soil tillage, organic and inorganic fertilizers than under traditional 
practice. Crop yields have also been shown to increase substantially using rotation of cereals with legume 
or intercropping. Yields of pearl millet can be doubled following cowpea as compared to continuous pearl 
millet cultivation. These combinations can improve soil properties such as organic carbon content, Cation 
Exchange Capacity (CEC) and pH.  
There is however a constraint to the applicability of combining inorganic and organic fertilizers due to the 
high costs of inorganic fertilizers and the low availability of organic fertilizers at the farm level. But it can 
be addressed by incorporating grain legume production such as cowpea into the cropping system. The 
grain, which has high market value, can be sold for buying external inputs such as fertilizer and fodder 
used for animal feeding. The use of external inputs will result in an increasing biomass at farm level, 
which increases the crop residue for mulching to mitigate land degradation and increase productivity. 
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Mineral fertilizers, organic amendments and crop rotation managements for soil fertility 
maintenance in the Guinean zone of Burkina Faso (West Africa) 
B. V. Bado1, A. Bationo2, F. Lompo3, M. P. Cescas4 and, M. P. Sedogo3
1 INERA,Burkina Faso; 2 TSBF-CIAT, Kenya; 3 INERA, Burkina Faso; 4 FSSA, Canada 
The effects of cowpea (Vigna unguiculata) and groundnut (Arachis hypogea) on succeeding sorghum 
yields, soil mineral nitrogen and N recoveries were studied during three years (2000 to 2002) in a weakly 
acid Ultisol of the agronomic research station of Farakô-Ba located in the Guinean zone of Burkina Faso. 
A field agronomic  experiment with a factorial 3×4 design of  three crop rotations (cowpea-sorghum, 
groundnut-sorghum and sorghum-sorghum) as first factor and four fertilizer treatments (PK fertilizer, 
NPK, NPK+ Manure and control) as second factor in a split plot arrangement with four replications. 
Highest yields were obtained when sorghum was rotated with legumes while lowest yields were obtained 
in mono cropping of sorghum. Compared to mono cropping, sorghum could produced 2.9 and 3.1 times 
more grain yields when it was rotated with groundnut or cowpea respectively. A better use of fertilizer N 
was observed in legume-sorghum rotations. In continuous sorghum, fertilizer N use efficiency (NUE) was 
20%. But in Cowpea-Sorghum and Groundnut-Sorghum rotations, NUEs were 28 and 37% respectively. 
Legume-sorghum rotations increased sol mineral nitrogen. The soils of legume-sorghum rotations 
provided more nitrogen to succeeding sorghum compared to mono cropping of sorghum and the highest 
total N uptake by sorghum was observed in legume-sorghum rotations 
Performance evaluation of various agroforestry species as short duration improved fallows for 
enhancement of soil fertility and sorghum crop yields in Mali 
B. Kaya1*, A. Niang2, R. Tabo3 and A. Bationo4
1 Institut d’Economie Rurale secondé à ICRAF Sahel Program, Mali; 2 ICRAF, Sahel Program, Mali; 3
ICRISAT, Niger; 4 TSBF - CIAT, Kenya 
The general soil fertility and crop yield decline constraints have guided the Malian Agricultural Research 
Institute (Institut d‘Economie Rurale, IER), the Sahel Program of the World Agroforestry Centre 
(ICRAF) and the International Crops Research Institute for the Semi Arid Tropics (ICRISAT) to join 
efforts and undertake research activities aimed at mitigating the constraints in Mali. Thus, from the year 
2000 14 different trees and shrubs are being tested in improved fallow systems to find which ones 
perform best to replenish soils and improve crop yields.  
The results have (i) identified most suited species for 1 or 2 yr improved fallows, (ii) determined their 
impact on sorghum grain yields and (iii) documented the remnant effects of their impact on soil fertility 
and crop yields.Some species (Indigofera astragalina, Crotalaria ochroleuca, Crotalaria agatiflora,
Crotalaria retusa, Crotalaria goreensis, Crotalaria paulina et Tephrosia vogelii) could not survive more 
than 1 year the Samanko conditions. Among them, C. agatiflora (1944, 1141 and 741 kg sorghum grain 
yields ha-1 respectively in years 1, 2 and 3 after cultivation) and I. Astragalina (1343, 1301 and 393 kg 
sorghum grain yields ha-1 respectively in years 1, 2 and 3 after cultivation) would be the best candidates 
for 1-yr improved fallows. Others Tephrosia candida, Sesbania sesban (Lery, Gache, Kibwezi and 
Kakamega provenances), Cassia sieberiana and Cajanus cajan have completed 2-yr duration improved 
fallows. In 2002, the first year of cultivation, it was the Kenyan provenances of Sesbania sesban which 
performed best with sorghum grain yields over 2 t ha-1.  A year later, 2003, there has been a general 
decrease in crop yield. Again, the Kenyan provenances of S. seban, with yields 40% lower than the first 
year of cultivation, were the worst affected by this decrease. No significant changes were observed in the 
traditionally tested chemical soil parameters. In conclusion, C. agatiflora, I. astragalina and the Kenyan 
provenances of S. sesban are well-adapted species for 1-yr improved fallow systems in the Samanko, 
Mali, conditions. 
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Increasing land productivity and optimising benefits in legume-cereal rotations through nitrogen 
and phosphorus management in western Kenya 
J. Kihara, J. M. Kimetu, B. Vanlauwe, A. Bationo, B. Waswa and J. Mukalama
TSBF-CIAT, Kenya 
Combined application of organic resources and mineral inputs forms the technical backbone of the 
Integrated Soil Fertility Management approach. In-situ production of organic matter is an attractive 
alternative to technologies harvesting the organic resources from other sites within or outside the farm. 
Opting for legumes during the organic resource production phase has the potential to enrich the soil with 
nitrogen (N) through biological N2 fixation. An experiment was set up at Nyabeda in Western Kenya 
aimed at quantifying the contribution of herbaceous and grain legumes to nitrogen supply and the impact 
of targeting phosphorus (P) to certain phases of the rotation on overall maize grain yield. In this split-split 
plot experiment, Mucuna pruriens was used as the herbaceous legume while soybean was used as the 
grain legume. Results obtained in the two seasons of the study indicated that the use of either mucuna or 
soybean as previous crop significantly (P=0.05) increased maize grain yield with or without the addition 
of nitrogen fertilizer, although mucuna out performed soybean. More than 5 t ha-1 of maize grain yield 
was realized with the addition of phosphorus fertilizer at both season one and season two compared to 
about 3 t ha-1 of maize grain yields obtained when no P was added.  
It could therefore, be concluded that in this region, the addition of P fertilizer is an integral management 
option to ensure optimal utilization of the nitrogen fixed by either the herbaceous or grain legume. Using 
P during the legume season may be sufficient to supply P requirements to the succeeding cereal crop. 
Also, applying P to the mucuna or soybean legume crop was not any different from applying it both to the 
legume and cereal crops indicating that farmers can save labour and cash by applying P only to the 
legume. The good performance of maize planted after mucuna was an indication that mucuna could be 
used by farmers in the region as an N source (Nitrogen Fertilizer Equivalency (NFE) >100 kg N ha-1) thus 
reducing cost of buying N fertilizers. Although soybean showed a lower NFE of 40 kg N ha-1, it had 
higher economic benefits and could thus be more acceptable to the farmers. These findings could be 
corroborated by using more than two cereals and legume rotation cycles. 
Tied-ridging and integrated nutrient management options for sustainable crop production in semi-
arid eastern Kenya. 
J.M. Miriti1, A.O. Esilaba2, A. Bationo3, H. Cheruiyot2, J. Kihumba1 and E.G. Thuranira4
1NARL, (KARI), Kenya; 2KARI, Kenya; 3TSBF-CIAT, Kenya; 4NARL,(KARI), Kenya 
A field experiment was conducted for two seasons at Emali, Makueni District in Eastern Kenya to 
compare the effect of tied ridging and integrated nutrient management practices on the yield of rainfed 
maize (Zea mays L.) and cowpeas (Vigna unguiculata L.).  The main treatments were flat bed (FB, 
traditional farmers’ practice) and tied ridging (TR) as main plots.  The manure and fertilizers were 
farmyard manure (FYM, goat manure at 0 and 5 t ha-1) in a factorial combination with nitrogen (N 
fertilizer at 0, 40, 80 and 120 kg N ha-1) and P fertilizer at 0 and 40 kg P ha-1 as the subplots in a split-plot 
treatment arrangement of a randomized complete block design (RCBD).  Results from maize yield data in 
the continuous maize cropping systems indicate that maize stover was significantly (P?0.05) increased by 
the application of 5 t ha-1 of manure in both seasons. Tied ridges, manure and fertilizer did not affect grain 
yields in the first season. However, mean grain yields obtained in plots with tied-ridges and manure were 
higher by 11% and 14% compared to plots without tied ridges and manure respectively. There was a 
significant interaction between manure and nitrogen which gave higher stover yields in the 2003 long 
rains season. Under the cowpeas-maize intercropping system, tied ridges and manure application did not 
have a significant effect on maize yields in both seasons. Application of nitrogen significantly (P?0.05) 
increased maize stover by 29% and TDM yields by 50% in first and second season respectively when 
compared with treatments without nitrogen. Nitrogen application also increased cowpea stem and TDM 
yields by 57% and 45% respectively in the second season. Cowpea yields were not affected by tied-ridges 
in both seasons. There was significant effects of manure, nitrogen, manure*nitrogen and tied 
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ridging*nitrogen interactions on cowpea stem and TDM in 2003 short rains season. In general, the 
combination of tie-ridges with manure or nitrogen gave higher maize and cowpea yields than when these 
factors are applied alone. These preliminary results indicate that tied ridging in combination with 
integrated nutrient management has the potential to improve crop production in semi-arid eastern Kenya 
Effects of organic and mineral sources of nutrients on maize yields in three districts of central 
Kenya
S.K. Kimani1, A.O. Esilaba1, M.M. Odera1, L. Kimenye2, B. Vanlauwe3 and A. Bationo3
1KARI, Kenya; 2, 3TSBF-CIAT,Kenya 
Trials were set up in three districts of central Kenya to evaluate organic and mineral sources of nutrients 
and their effects on maize yields. The experiments were set up during the long rains 2004 with fifteen 
different soil fertility management treatments. The treatments included cattle manure, green manures, 
maize stover, Tithonia, and mineral fertilizer. The test crop was maize (Zea mays), intercropped with 
beans (Phaseolus vulgaris). The experimental design was a Randomized Complete Block with three 
replicates. At final harvest at maturity, grain yield data were recorded.  
In general the yields were low (?1 t ha-1) in the unfertilized control, in plots intercropped with green 
manure cover crops, and where maize stover alone was applied. In Kirinyaga, and Maragwa, the highest 
maize grain yields (6.5 t ha-1) were obtained when manure was combined with mineral fertilizer. The 
responses were not as clear in the Kiambu site, possibly due to soil acidity at the site. There were no 
significant difference (p=0.05) in grain yields between the green manure cover crops (0.4-1.5 t ha-1),
maize stover (0.3-0.9 t ha-1) and the unfertilized control (0.4-1 t ha-1) across treatments and sites during 
this first season. The work confirms the efficiency of combining mineral sources of nutrients with organic 
inputs.
Output target 2009 
? Throughout the Institute project life, new questions generated in the evaluation efforts of the 
different target outputs are addressed and fed back to these evaluation activities 
Progress towards this output target will be reported next year. 
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Progress towards achieving output level outcome 
? Technologies, systems and soil management strategies adopted and adapted through partnerships
In Output 2, the main objective is to develop and adapt technologies and soil management strategies that 
are encompass the various principles and concepts developed in Output 1, through partnerships with all 
stakeholders. This development and adaptation process includes various phases with increasing direct 
involvement of farming communities and other stakeholders. During the initial phases, knowledge, often 
derived from detailed literature reviews, is translated in soil management practices with relatively little 
involvement of stakeholders. As technologies move away from the design phase to the farmer’s fields, 
farmers and other stakeholders gradually take over the evaluation and adaptation process.
Most reports under Output 2 deal with the development of testing of a decision framework for ISFM and 
with the testing and adaption of cereal-legume-livestock systems in Africa. As for the former set of 
activities, results are reported that relate to the site-specific management of resources (e.g., legume 
biomass, P, manure) at the farm-level, taking into account variability at the natural resource status and 
community level. As for the latter set of activities, a substantial number of published articles and reports 
summarize the role of manure in soil fertility maintenance and of soil fertility management strategies for 
West, East, Central, and southern Africa. Other specific activities relate to the identification and 
utilization of specific production niches at the farm level, such as, niches for green manure production in 
Ethiopia, or vegetable gardens in Kenya. Cotton-cowpea systems in Zimbabwe, legume-based striga 
control technologies in Kenya, Uganda, and Tanzania, and soybean varieties in Kenya are being evaluated 
using participatory approaches. Finally, the success and failures of specific soil fertility management 
options were evaluated through community-based learning process and collective and individual 
experimentation. 
The development and evaluation of technologies aiming at improving the productivity of banana and 
cassava-based systems in Africa and cereal-legume-livestock systems in Latin America have just reached 
the initial design phase with promising initial results related to nutrient management of bananas and 
inoculation of tissue culture bananas with arbuscular-mycorrhizal fungi. The evaluation work on direct 
and indirect management options of belowground biodiversity and the Quesungual agroforestry systems 
has resulted in significant research accomplishments. 
Progress towards achieving output level impact 
? Adapted technologies contribute to food security, income generation and health of farmers 
In Output 2, only the cereal-legume-livestock systems have reached a stage that impact of adoption of 
such technologies will contribute positively to food security, income generation and health of farmers. 
This initial adoption phase will be followed in future activities. As for the other technologies and entry 
points, an evaluation and adaptation phase is required before any impact can be expected.
165
Output 3 
Partnerships and tools developed and capacity enhanced of 
all stakeholders for improving the health and fertility of soils 
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Output 3: Partnerships and tools developed and capacity enhanced of all 
stakeholders for improving the health and fertility of soils 
Rationale
Managing soil fertility for improved livelihoods requires an approach that integrates technical, social, 
economic, and policy issues at multiple scales.  To overcome this complexity, research and extension staff 
needs the capacity to generate and share information that will be relevant to other stakeholders working at 
different scales (i.e., policy-makers, farmers).  Thus the activities of Output 3 are founded on building the 
human and social capital of all TSBF-CIAT stakeholders for research and management on the sustainable 
use of tropical soils. 
The challenge of building the social capital encompasses both the new and existing networks of scientists 
and other stakeholders (e.g.: AfNet, MIS, CSM-BGBD project).  Within these networks, as within the 
individual project activities where TSBF-CIAT works in partnership with others (NARES, ARI’s, 
NGO’s), building social capital means ensuring that communication and co-learning support effective 
institutional collaboration and build confidence in the collaborative advantage afforded by partnerships.  
Networks run best with diligent coordination that responds to internal and external challenges.  However, 
partnerships become truly empowering when stakeholders themselves recognize and exploit research and 
development opportunities.  The activities prescribed here envisage tapping the potential of South-South 
collaboration and establishing strategic partnerships that can build learning strategies that to 
institutionalize ISFM approaches. 
The second challenge, of building human capacity, is particularly acute in sub-Saharan Africa and Central 
America, where the lack of strong tertiary education systems and the chronic under-funding of NARES 
hamper the professional development of many of our partners.  Since ISFM approaches are inherently 
holistic, effective training demands interdisciplinary cooperation to instill both a specialized knowledge 
and a competent understanding of the context(s) in which to apply it (the so-called “T-shaped” skill set).  
Again, working through new and existing networks and partnerships, TSBF-CIAT will continue to 
support training that offers cutting-edge biophysical science, laboratory techniques, and also embraces 
holistic understanding of social, cultural, economic, and policy issues related to soil fertility management. 
Building human capacity also applies to the relationship land users have with the products of research.  At 
present, many ISFM technologies remain little used by farmers.  This is commonly conceived of as a 
failure to disseminate the results of research, but can also be seen as indicating a fundamental failure of 
research toecognize, value, and address farmers’ conditions and knowledge.  Greater involvement of 
farmers in the technology design process (to adapt solutions to actual conditions) will not only generate 
more relevant and adoptable ISFM technologies but is also expected to facilitate the potential 
dissemination and up-scaling of these technologies through the better interaction and integration of 
indigenous and formal knowledge systems. 
Finally, the lack of an enabling policy environment is made manifest by the often-contradictory policies 
relating to farm, village, or regional-level conditions. The poor functioning of local input and output 
markets distorts the incentives for resource conservation.  Coherent policy options are needed to address 
the low added value of farmers’ products, the general lack of marketing opportunities on the one hand, 
and the lack of appropriate infrastructure and mechanisms for input delivery on the other. 
Key research questions 
1. What are the mechanisms and information required for institutionalization of ISFM approaches 
with partners for scaling-up and increased impact? 
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2. Who are the key stakeholders and partners for SLM? 
3. What are the relevant learning processes and approaches to improve stakeholders’ skills to make 
improved decisions? 
4. How can South-South integration facilitate the development of global products? 
Highlights
? In Migori district, western Kenya, different R&D approaches were tested. In the first group 
farmers were invited to collaborate with researchers in the design and conduct of agronomic 
soybean experiments. In the second group, farmers’ representatives were trained in 
experimentation and then sent to their zones to motivate farmers to experiment for themselves 
with soybean. During the first season of the research, large differences in behavior and response 
could be noticed between the two groups. While the initial motivation of the first group was 
higher, this motivation changed into a demanding attitude and tensions between the farmers and 
researchers. The second group reacted more positively. Although wondering why the project had 
not put experiment fields in their zones, the farmers were very interested to evaluate their own 
experiments. As farmers felt total ownership over the experiments they were not asking for extra 
compensation. The only requests of farmers were about advice on how to improve their 
experiments. 
? The formation of a Strategic Alliance of partners with complementary contributions to make in 
soybean promotion among smallholder farmers in the farming systems of Kenya has been 
yielding great fruits including increases in land area devoted to soybean, increases in soybean 
yield, farm level profitability ranging from 18, 000 to 42, 000 Kenya Shillings (US$265 to US$ 
618) per hectare and net returns increase of four to 14 times from value-addition.  
? The promotion of soybeans in Kenya through the formation of a Strategic Alliance of partners 
and stakeholders with complementary contributions is enhancing the use of soybeans especially 
among smallholder farmers in the farming systems of Kenya at all levels including increases in 
land area devoted to soybean, increases in soybean yield, farm level profitability and net returns 
increase of four to 14 times through value-addition 
? In Mozambique, results show that there are no significant differences between group members in 
terms of investments into social capital, the extent of private goods that are generated by the 
group are not equally distributed amongst group members.  Social capital is more easily 
accumulated by educated, younger male group members which reflects access to education and 
cultural social status. Gender has been identified as a key variable to determine a members ability 
to generate supportive relations and benefit from social capital. 
? Field study in Burkina Faso on NERICA (NEw RICe for Africa) varietal differences in the 
effectiveness of use of nitrogen found three NERICAs (NERICA L 19, NERICA L 20 and 
especially NERICA L 41) to be more “efficient” varieties with respect to the use of nitrogen as 
evident from the increasing production with increase in the rate of N application.  
? The effects of previous cowpea (Vigna unguiculata) and annual fallow on N recoveries, 
succeeding sorghum yields and soil properties were studied using a 5-years old field experiment 
at the agronomic research station of Kouaré in Burkina Faso. Sorghum produced less than 500 kg 
ha-1 of grain in monocropping. But sorghum produced highest grain yields when fallow or 
cowpea was used in the cropping system (fallow-sorghum or cowpea-sorghum rotation). The 
succeeding sorghum grain yields increased from 75 to 100% when it was rotated with fallow and 
cowpea respectively. The effects of rotations seamed to increase over time and cowpea became 
most effective on sorghum yield increase during the last three years.  
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? AfNet research activities continued to be implemented in several sites in Kenya during the year 
2006. AfNet supported the trial on nutrient and water management in Emali, Eastern Kenya under 
the Desert Margins Programme (DMP). AfNet participated in the farmers’ field day held on 8th
June 2006 at Emali Primary School to demonstrate to the farmers the technologies that can be 
used in the arid and semi-arid areas (ASALs) for improved agricultural production and 
environmental conservation. During the field day, participants visited the experimental site. The 
technologies being experimented were water harvesting (tie ridging), manure application, 
inorganic fertilizer application, crop rotation, and different maize and cowpea cropping systems. 
The cropping systems comprised the rotation of maize with cowpea, intercropping both crops and 
planting them as monocrops. The combined effects of all these factors on crop performance were 
also demonstrated. 
? As part of the WFCP (Water & Food Challenge Program) project “Payment for Environmental 
Services (PES) to promote rural development in upper watersheds of the Andes” to enhance local 
capacities required to measure and quantify environmental externalities, several capacity building 
events (involving 2 training courses, 8 technicians, 1 MS student) have been carried out that were 
focused on the use of hydrological models for quantification of hydrological services and on the 
valuation of those services. 
? The annual planning meeting with CIAT-MIS collaborators participating in the N fertilization 
trials for corn in Honduras and Nicaragua, held in 2006 at Siguatepeque - Honduras, was 
expanded into a joint 3-day workshop with NGO participants in the FAO project for subsistence 
farmers in Honduras.
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Output target 2007 
? Strategy for building capacity for SLM is developed with partners 
Completed work 
I. AfNet - Research progress report from West Africa 
The African Network for Soil Biology and Fertility (AfNet) continues its work through the support of 
research activities in several sites scattered all over the East, West, Central and Southern Africa. In 2006 
several trials were continued and these continue to provide vital information on the performance of the 
various soil and water management technologies being developed and tried out by researchers and 
farmers. In its effort to build capacity of researchers in the region, AfNet organized two training 
workshops: Gender mainstreaming and participatory research, monitoring and evaluation which were 
attended by several AfNet members. These training courses have improved the ‘T-shaped’ skills of the 
scientists making them able to address the complex issues affecting resource allocation and natural 
resource management at farm level. AfNet supported the organization of the Soil Science Society of East 
Africa (SSSEA) conference and also sponsored several members to attend workshops/conferences where 
they resented their research findings. Afnet continues to support student training at both MSc and PhD 
levels. During 2006, 22 students were supported and/or supervised in their studies. Several papers were 
also published by AfNet staff in refereed journals. The year 2006 saw the publication by Nutrient Cycling 
in Agroecosystems Journal of the AfNet Symposium Special Issue titled: Advances in integrated soil 
fertility management in sub-Saharan Africa: Challenges and Opportunities. The Special issue contains 19 
papers out of the 104 papers presented at the AfNet Yaoundé Symposium. Through AfNet, The
Comminutor, Newsletter of the TSBF Institute of CIAT Vol. 10: 1 June 2006 was published. The report 
presents the major research highlights and activities of AfNet during the year 2006. 
Since 2001, network experiments in West Africa using commonly developed research protocols. In Niger 
at Sadore, some long-term on-station trials continue to be run with the objective of identifying 
sustainability indicators. Four sites including Sadore (Gaya, Banizoumbou, Karabedji and Sadore) are 
also used to carry out on-farm researchers and farmers’ evaluations of soil fertility technologies. The 
fertilizer equivalencies of organic amendments are one of these trials where manure is collected in the 
different sites and crop residues were analyzed for N, P, and K. Its values are very high in the semi-arid 
zones indicating that the critical value for immobilization and mineralization is site-specific. Other 
technologies are tested such as optimum combination of PR and inorganic fertilizers, small placement of 
fertilizer (microdose). Research activities in West Africa are under a memorandum of understanding 
between TSBF institute of CIAT and ICRISAT. 
Network research sites in Niger 2006
In Niger (West Africa), several sites have been established since 2001 and being continued in 2006. Table 
29 shows a list of Network collaborative trials in Niger, 2006 giving the type of trial and sites located. 
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Table 29. Network collaborative trials in Niger (West Africa), 2006.
Type of Trials Site 
Long-term operational scale research Sadore 
Long-term cropping system Sadore 
Long-term crop residue management Sadore 
On-farm evaluation of cropping systems technologies Sadore 
Karabedji
Gaya 
On-farm evaluation of soil fertility restoration technologies Karabedji 
Gaya 
Comparative effect of mineral fertilizers on degraded and non degraded soils Karabedji 
Fertilizer equivalency and optimum combination of low quality organic and 




Optimum combination of phosphate rock and inorganic plant nutrients  Banizoumbou, Gaya 
Karabedji, Sadore 
Corral experiment (demonstration) Sadore 
1. Long-term soil fertility management trials
a) Long-term management of phosphorus, nitrogen, crop residue, soil tillage and crop rotation in the Sahel 
This experiment started in 1986 by ICRISAT Sahelian Center is a long-term soil fertility management 
trial that studies the sustainability of pearl millet based cropping systems in relation to management of N, 
P, and crop residue, rotation of cereal with cowpea and soil tillage. Table 30 gives the main treatments in 
this trial. It’s a split-split-plot design where split-split plots consist of crop residue application or no crop 
residue (CR) application and the sub-sub plot has with or without nitrogen application. The amount of CR 
applied is half of the total production of the previous year.  
Results from the trial indicated that traditional farmers’ practices yielded 156 kg/ha of pearl millet grain 
whereas application of 13 kg P ha-1, 30 kg N ha-1 and crop residue in pearl millet following cowpea 
yielded 925 kg ha-1 of pearl millet grain and 977 kg ha-1 when ridging was associated (Table 31). These 
results clearly indicate the high potential to increase pearl millet yields in the very poor Sahelian soils. 
Table 30. Main treatments used in the operational scale research trials at Sadore. 
Treatments
1= Traditional practices 
2= Animal traction (AT) +no rotation +Intercropping + P 
3= Animal traction (AT) + rotation +Intercropping + P 
4= Hand Cultivation (HC) +no rotation +Intercropping + P 
5= Hand Cultivation (HC) + rotation +Intercropping + P 
6= Animal traction (AT) +no rotation +Pure millet + P 
7= Animal traction (AT) + rotation + Pure millet + P 
8= Hand Cultivation (HC) +no rotation + Pure millet + P  
9= Hand Cultivation (HC) + rotation + Pure millet + P 
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Table 31. Effect of fertilizers, soil tillage, crop residue, cropping system on pearl millet grain yield; 
Sadore 2006 cropping season. 
Pure millet grain yield (kg ha-1)
- Rotation + Rotation 
Treatments
- Crop residue + Crop residue - Crop residue + Crop residue 
 -N +N -N +N -N +N -N +N 
Traditional 156 146 225 234     
Phosphorus + HC 448 651 566 853 741 902 652 925 
Phosphorus + AT 329 404 481 638 654 882 1043 977 
HC: hand cultivation, planting on flat; AT: Animal traction, planting on ridges 
b) Long-term management of manure, crop residues and fertilizers in different cropping systems 
This factorial experiment started in 1993 is located at the research station of ICRISAT Sahelian Center at 
Sadore, Niger. The first factor is three levels of fertilizers (0, 4.4 kg P + 15 kg N ha-1, 13kg P + 45 kg N 
ha-1), the second factor is crop residue applied at (300, 900 and 2700 kg ha-1) and the third factor is 
manure applied at (300, 900 and 2700 kg ha-1). The cropping systems are continuous pearl millet, pearl 
millet in rotation with cowpea and pearl millet in association with cowpea. The analysis of variance data 
indicate that fertilizer, crop residue and manure application resulted in a highly significant effect of both 
pearl millet grain and total dry matter yields. Fertilizer alone accounted for 18% in the total variation of 
the grain, the cropping system accounted for 19% whereas manure account for only 5% of the total grain 
variation due to some long periods of drought that reduce significantly its mineralization. Although some 
interactions were significant, they account for 3% in the total variation. In this particular year, the 
cropping system seemed more significant than fertilizer due to the rainfall repartition.  
For pearl millet dry matter, the application fertilizer, manure, crop residue and cropping systems together 
account for 56% of the total variation. The data in Figure 45 illustrates the response of pearl millet grain 
to the crop rotation and to the different input of organic and inorganic fertilizers. The farmer’s practices 
yielded 109 kg ha-1 of millet grain; the application of 13 kg P and 45 kg N ha-1 yielded 670 kg ha-1 but 
when these mineral fertilizers were combined with 2.7 t ha-1 of manure or crop residue in rotation with 
cowpea, yield of 900 kg ha-1 was achieved. 
In another crop residue (CR) trial established since 1982, sole application of CR increased the millet grain 
yield from 142 kg ha-1 in the absolute control to 297 kg ha-1. The yield was 586 kg ha-1 with fertilizer (F) 
application and to 683 kg ha-1 when both CR and fertilizer were applied (CR+F). The millet total dry 
matter yield increased from 840 to 1960 kg ha-1 with CR application (Table 32). This could be as a result 
the large cumulative effect of CR and fertilizers on the soil (organic carbon, protection against erosion…) 
over these years. 
2. Banizoumbou, Sadore and Gaya
In 2005 and 2006, farmers conducted network experiments at 4 benchmark locations across Niger country 
to investigate the best combination of mineral fertilizer and PR that are available for direct use. The data 
in Table 33 give the rainfall and chemical characteristics at study sites in the Sahel. These soils are acidic 
and inherently low in nutrients with ECEC of less than 1 c mol kg-1 for all the sites except Gaya where the 
organic carbon is slightly higher and an ECEC of 1.3 c mol kg-1.
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Figure 45. Effect of different N and P rates on pearl millet grain yield, Sadore, Niger, 2006 rainy season. 
Table 32. Effect of fertilizer and crop residue on pearl millet and cowpea at Sadore, 2006 rainy season.  
Treatment Grain yield (kg ha-1) TDM (kg ha-1)
 Millet Cowpea Millet Cowpea 
1=Control 142 25 840 375 
2=crop residue (CR) 297 16 1960 328 
3=Fertilizer (F) 586 21 2908 415 
4=CR+F 683 25 3693 578 
SE 76 14 308 83 
CV (%) 36 126 26 39 















Sadore 558.6 4.3 0.12 2.0 0.3 1 3 
Banizoumbou ? 4.4 0.12 1.5 0.4 0.8 5 
Karabedji 493.7 4.2 0.16 1.9 0.2 0.8 4 
Gaya 998.7 4.2 0.33 2.5 0.4 1.3 9 
The data in Tables 34, 35 and 36 indicate the comparative advantage to combine PR and inorganic plant 
nutrients for the low suffering soils in the Sahel. Although the experiment started last year, the use of only 
inorganic P sources yielded 927 kg ha-1 of millet grain whereas the same rate as PR farm gave 970 kg ha-1
at Sadore. The cowpea fodder yielded in the inorganic P application at Gaya give 2375 kg ha-1 and 1650 



























N+P rates (kg P ha-1)
no crop residue, no manure, no rotation
no crop residue, no manure, with rotation
no crop residue, 2.7t ha-1 of manure, no rotation
no crop residue, 2.7t ha-1 of manure, with rotation
2.7t ha-1 of  crop residue, no manure, no rotation
















Table 34. Optimum combination of plant nutrients for cowpea fodder (kg ha-1) at Karabedji, Niger, 2006 
cropping season. 
Treatments Karabedji 
1  Absolute Control 2253 
2  30 kg N ha-1 3358 
3  12 kg P ha-1 2796 
4  8 tons manure + 30 kg N ha-1 3172 
5  6 t manure + 3kg P + 30 kg N 2813 
6  4 t manure + 6 kg P + 30 kg N 3340 
7  2 t manure + 8 kg P + 30 kg N 3810 
8  12 kg P + 30 kg N 2893 
SE 413 
CV 27% 
Table 35. Optimum combination of plant nutrients for millet grain and TDM (kg ha-1) at Karabedji, 
Niger, 2006 cropping season. 
Treatments Grain TDM 
1. Absolute Control 375 2155 
2.  30 kg N ha-1 568 2829 
3. 12 kg P ha-1 740 3447 
4.  8 tons manure + 30 kg N ha-1 953 4114 
5.  6 t manure + 3kg P + 30 kg N 1151 4815 
6.  4 t manure + 6 kg P + 30 kg N 1318 5140 
7. 2 t manure + 8 kg P + 30 kg N 1677 5853 
8. 12 kg P + 30 kg N 1005 4355 
SE 37 129 
CV (%) 8 6 
Table 36. Optimum combination of plant nutrients for millet grain and cowpea fodder (kg ha-1) at 
Banizoumbou, Niger, 2006 cropping season. 
Treatments Millet grain yield Cowpea fodder 
1. Absolute Control 344 1065 
2. 30 kg N ha-1 323 1385 
3. 12 kg P ha-1 495 1530 
4. 8 tons manure + 30 kg N ha-1 547 1515 
5. 6 t manure + 3kg P + 30 kg N 771 1975 
6. 4 t manure + 6 kg P + 30 kg N 599 1895 
7. 2 t manure + 8 kg P + 30 kg N 797 2205 
8. 12 kg P + 30 kg N 708 1570 
SE 106 211 
CV (%) 37 26 
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3. Placement of phosphorus and PUE (Karabedji)
An experiment was conducted in Karabedji to assess the phosphorus use efficiency from hill placed (HP) 
and/or broadcast (bc) Tihoua PR (TPR). Pearl millet grain P use efficiency for broadcasting SSP at 13 kg 
P ha-1 was 42 kg kg-1 P but hill placement of SSP at 4 kg P ha-1 gave a PUE of 147 kg kg-1 P and 169 kg 
kg-1 P with NPK hill placement (Table 37). Whereas the PUE of TPR broadcast was only 14 kg grain kg-1
P, the value increased to 47 kg kg-1 P when additional NPK was applied as hill placed at 4 kg P ha-1.
These data clearly indicate that P placement can drastically increase P use efficiency and the placement of 
small quantities of water-soluble P fertilizers can also improve the effectiveness of phosphate rock. For 
cowpea fodder PUE for SSP broadcast was similar to the hill placement of 4 kg P ha-1 gave a PUE 
(respectively 13 and 14 kg kg-1 P). 
4. Farmer’s evaluation of soil fertility restoration technologies (Karabedji and Gaya)
Past research results indicated a very attractive technology consisting of hill placement of small quantities 
of P fertilizers. With DAP containing 46% P2O5 and a compound NPK fertilizer (15-15-15) containing 
only 15% P2O5, fields trials were carried out by farmers on 46 plot per treatment at Karabedji to compare 
the economic advantage of the two sources of P for millet production. As hill placement can result in soil 
P mining another treatment was added consisting of application of phosphate rock at 13 kg P ha-1 plus hill 
placement of 4 kg P ha-1 as NPK compound fertilizers. 
The data in Tables 38 and 39 clearly shows that there was no difference between hill placement of DAP 
and 15-15-15 indicating that with the low cost per unit of P associated with DAP, this source of fertilizer 
should be recommended to farmers. The basal application of Tahoua Phosphate rock gave about 
additional 300 kg ha-1 of pearl millet grain. The combination of hill placement of water-soluble P fertilizer 
with phosphate rock seems a very attractive option for the resource poor farmers in this region. The data  
Table 37. Effect of P sources and placement on pearl millet and cowpea yield and P use efficiency (PUE) 
at Karabedji, Niger, 2006 cropping season. 
Treatments Millet Cowpea 
P sources and methods of placement Grain yield 
(kg kg-1 P) 
PUE




(kg kg-1 P) 
1. Control 411  1842  
2. SSP (bc) 962 42 2378 13 
3. SSP (bc) + SSP (HP) 1464 62 5685 62 
4. SSP (HP) 997 147 3965 14 
5. 15-15-15 (bc) 1048 49 4713 59 
6. 15-15-15 (bc) + 15-15-15 (HP) 1821 83 8184 76 
7. 15-15-15 (HP) 1087 169 5560 22 
8. TPR (bc) 587 14 2709 64 
9. TPR (bc) + SSP (HP) 1133 42 3502 39 
10. TPR (bc) + 15-15-15 (HP) 1202 47 4297 53 
11. PRK (BC) 571 12 2612 62 
12. PRK (BC) + SSP (HP) 1048 38 3214 37 
13. PRK (BC) + 15-15-15 (HP) 1156 44 4078 51 
SE 36  288  
CV (%) 7  14  
SSP: Single Superphosphate, 15-15-15: N2 P2O5 K2O compound fertilizer; TPR: Tilemsi Phosphate Rock, PRK: 
Kodjari phosphate rock; BC: Broadcast at 13 kg P ha-1, HP: hill placed at 4 kg P ha-1; PUE: P use efficiency kg yield 
kg-1 P applied. 
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Table 38. Farmers managed trials at Karabedji, 2006 rainy season. 
Treatments Millet grain yield (kg ha-1) Millet TDM yield (kg ha-1)
1=Farmers’ practices  244 1180 
2=NPK HP 832 2260 
3=DAP HP 835 2209 
4=PRT+NPK HP 1111 2925 
SE 9 15 
CV (%) 8 5 
NPK: 15-15-15 compound fertilizers; DAP: Diammonium phosphate; HP: hill placement at 4 kg P ha-1; PRT: 
Tahona Phosphate rock broadcast at 13 kg P ha-1.
Table 39. Farmers managed trials at Gaya, 2006 rainy season. 
Treatments Millet grain yield (kg ha-1) Millet TDM yield (kg ha-1)
1=farmers’ practices  982 3752 
2=NPK HP 1683 5404 
3=DAP HP 2075 6447 
4=PRT+NPK HP 2547 7404 
SE 37 68 
CV (%) 14 8 
NPK: 15-15-15 compound fertilizers; DAP: Diammonium phosphate; HP: hill placement at 4 kg P ha-1; PRT: 
Tahoua Phosphate rock broadcast at 13 kg P ha-1.
in Figures 46 and 47 shows the variation of yield of each plot in farmers’ fields compared to the farmer’s 
practices and clearly shows that the application of Tahoua PR with hill placement of water soluble P 
outperformed the other treatments in most instances. At Gaya, with 46 plots per treatment the same effect 
can be observed and DAP seem better than NPK and confirm the choice on this source (Table 39).













































Figure 47. Millet total dry matter yield response to different management practices, Karabedji, Niger, 
2006 rainy season. 
5. Cropping systems and mineral fertilizers evaluation (Sadore, Karabedji and Gaya)
Farmers’ practices were compared to a three cropping systems consistency on pure millet crop with 
planting density at recommended level to be rotated next year with a pure cowpea, a fourth plot with 
millet and cowpea intercropped but not as farmer’s practice. Here four lines of cowpea were rotated with 
two lines of millet. Tahoua Phosphate rock at 13 kg P ha-1 and NPK hill placed at 4 kg P ha-1 were applied 
for each plot except farmer’s practice. 
The data in Tables 40, 41 and 42 indicates that millet grain yield can be increased two to three fold with 
this system and higher biomass can be got especially for cowpea introducing crop-livestock integration. 
The same trial was implemented at Karabedji and gave a similar effect as Sadore. The data in these tables 
shows how the yield of the technologies evaluated fluctuated as compared to the farmers’ practices with 
the high density and rotation systems dominating the other systems in most instances. 
6. Comparative effect of mineral fertilizer on degraded and non-degraded soils (Karabedji)
This trial started in 1999 and still on going and can also be considered as long-term soil fertility managed 
one. Mineral fertilizers were applied on two major types of soils: Farms close to the village where 
household waste, human excreta and farm yard manure are commonly used and farms far from the village 
degraded and without any organic material added. The results show a high significant effect of the 
application of Phosphorus on pearl millet grain and total dry matter yields. P alone account for 43% of the 
total variation of millet grain yield whereas system (degraded and non-degraded) account for 25% 
meaning that organic fertilizers are important. Nitrogen was also significant as nitrogen and account for 
20% of total variability. The significance of N is linked to the availability of P or organic fertilizer in the 
soil. The data in Figures 48 and 49 show that the application of P increased significantly both millet grain 
and total dry matter yields and was more important in fertile soils meaning when P is combined with 























































Table 40. Farmers managed trials at Sadore, 2006 rainy season.
Treatment Millet grain yield (kg ha-1) Millet TDM (kg ha-1)
1=Control  204 1164 
2=NPK HP + PRT intercrop 449 2188 
3=NPK HP + PRT pure crop 645 2742 
SE 120 140 
CV (%) 39 10 
NPK: 15-15-15 compound fertilizers; HP: hill placement at 4 kg P ha-1; PRT: Tahona Phosphate rock broadcast at 
13 kg P ha-1.
Table 41. Farmers managed trials at Gaya, 2006 rainy season.  
Treatment Millet grain yield (kg ha-1) Millet TDM (kg ha-1)
1=Control  221 (162) 2905 (435) 
2=NPK HP + PRT intercrop 430 (322) 3988 (966) 
3=NPK HP + PRT pure crop 1263 (1073) 6197 (3064) 
SE 91 (17) 145 (55) 
CV (%) 20 (5) 5 (5) 
NPK: 15-15-15 compound fertilizers; HP: hill placement at 4 kg P ha-1; PRT: Tahona Phosphate rock broadcast at 
13 kg P ha-1; NB: Number in bracket are yields for groundnut. 
Table 42. Farmers managed trials at Karabedji, 2006 rainy season 
Treatment Millet grain yield (kg ha-1) Millet TDM (kg ha-1)
1=Control  172 3606 
2=NPK HP + PRT intercrop 361 4384 
3=NPK HP + PRT pure crop 680 5111 
SE 61 101 
CV (%) 26 4 
NPK: 15-15-15 compound fertilizers; HP: hill placement at 4 kg P ha-1; PRT: Tahona Phosphate rock broadcast at 
13 kg P ha-1.
Figure 48. Effect of environmental mean on pearl millet grain yield, Karabedji, Niger, degraded and non 
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Figure 49. Effect of environmental mean on pearl millet total dry matter, Karabedji, Niger, degraded and 
non degraded land, 1999-2006. 
Research progress from Burkina Faso 
Research was conducted in Burkina Faso to study the effects of the mineral manure, organics and 
organomineral on the performance of irrigated rice yield. The experimental design was a split study and 
involved two rice varieties FKR 19 and FKR 14. The performance of the paddy rice was evaluated under 
six modes of management of the mineral and organic manure as indicated in Table 43.  
The two rice varieties indicated similar responses to organic and inorganic nutrient management. Similar 
paddy rice yields were recorded from the recommended inorganic fertilizer (T2) as well as when the 
recommended inorganic fertilizers were combined with organic fertilizers (T4) indicating that soils under 
paddy sequesters carbon thus diminishing the effects or organics on crop yields. This observation explains 
the low yields in the treatments receving 6 and 12 t ha-1 of manure (Figure 50).  
NERICA (NEw RICe for Africa) varietal differences in the effectiveness of use of nitrogen 
In another study in Burkina Faso, a trial was conducted to evaluate the varietal differences of NERICA in
the effectiveness of use of nitrogen. Three NERICAs (NERICA L 19, NERICA L 20 and especially 
NERICA L 41) were found to be more “efficient” varieties with respect to the use of nitrogen as evident 
from the increasing production with increase in the rate of N application, because producing outputs 
raised on the various levels of N applied (Figure 51). 
Table 43. Treatment structure of the paddy rice tria in Burkina faso.
Treatment Description 
T1 Absolute control 
T2 Recommended mineral fertilizer (200 kg NPK and 200 kg ha-1 Urea) 
T3 Recommended organic fertilizer (6 t ha-1)
T4 Recommended mineral fertilizer + Recommended organic fertilizer (6 t ha-1)
T5 Organic amendments (12 t ha-1)
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Figure 50. Two paddy rice varieties (FKR 19 & FKR 14) response to organic and inorganic inputs, Bagre 
Burkina Faso 
Figure 51. Effect of the nitrogen amounts applied to paddy output for the popularized variety (4418 or 
FKR 14) and NERICA varieties in Burkina Faso.  
The effects of previous cowpea (Vigna unguiculata) and annual fallow on N recoveries, succeeding 
sorghum yields and soil properties were studied using a 5-years old field experiment at the agronomic 
research station of Kouaré in Burkina Faso. A factorial 3×4 design in a split plot arrangement was used. 
Three rotations (cowpea-sorghum, fallow-sorghum and sorghum-sorghum) were used as first factor and 4 
fertilizer treatments (chemical NPK fertilizer, NPK+Dolomite, P+Manure, and Control without any 
fertilizer) were used as second factor. Sorghum produced less than 500 kg ha-1 of grain in mono cropping. 
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(fallow-sorghum or cowpea-sorghum rotation). The succeeding sorghum grain yields increased from 75 
to 100% when it was rotated with fallow and cowpea respectively. However, significant differences were 
not observed between the effects of cowpea and fallow on sorghum grain yields during the first two years. 
The effects of rotations seamed to increase over time and cowpea became most effective on sorghum 
yield increase during the last three years (Figure 52). 
A general trend of sorghum yield increases was observed over the first three years of cultivation in all 
fertilizer and rotation treatments (Figure 52). However, sorghum yields of the control (without fertilizer) 
and control rotation (sorghum-sorghum) only increased during the second season and remind constant 
during the last three years. Yield increases over years with fertilizer applications can be explained by the 
effects of fertilizers on soil fertility replenishment over time. The slight yield increase in control plots 
only during the second year is probably a seasonal effect. 
Total N uptake by succeeding sorghum increased from 26 kg N ha-1 in mono cropping of sorghum to 31 
and 48 kg N ha-1 when sorghum was rotated with fallow or cowpea respectively. Nitrogen derived from 
fertilizer (FNUE) increased from 10% in mono cropping of sorghum to 22 and 26% when sorghum was 
rotated with fallow or cowpea respectively (Table 44). 
Figure 52.  Effects of (a) fertilizer applications and (b) crop rotations on succeeding sorghum grain yields 

























































































































































Table 44.  Effects of cowpea and fallow on total N uptake by succeeding sorghum, fertilizer N use 
efficiencies (FNUE) and N derived from soil (Ndfs) and fertilizer (Ndfs) in 1999 after 5 years of 
cultivation.








Fallow-Sorghum 31b 26a 10 a 21b 
Cowpea-Sorghum 48a 22ab 8ab 40a 
Sorghum-Sorghum 26c 17c 6bc 20bc 
Soils of cowpea-sorghum rotation doubled the quantity of N derived from soil (Ndfs) while fallow-
sorghum rotation did not increase N derived from soil. Compared to mono cropping, sorghum grain yields 
increased from 75 and 100% when sorghum was rotated with fallow or cowpea respectively. Highest 
quantity of organic C was observed in soils of fallow-sorghum rotation and lowest quantities were 
observed in mono cropping of sorghum and cowpea-sorghum rotation. Compared to original soil, all 
treatments decreased soil organic C and total N. Dolomite increased sol pH and maintained soil bases 
(Ca++ and Mg++), ECEC and Al3+ saturation at the same levels as the original soil. The combined 
application of P and manure increased soil pH, bases saturation and decreased Al3+ saturation. It was 
concluded that cowpea-sorghum rotation was most effective than fallow-sorghum rotation and five 
management options were suggested to improve traditional system productivity. 
II. AfNet - Research progress report from East Africa 
a. Water and nutrient management research in the dry lands of Eastern Kenya 
AfNet research activities continued to be implemented in several sites in Kenya during the year 2006. 
AfNet supported the trial on nutrient and water management in Emali, Eastern Kenya under the Desert 
Margins Programme (DMP). AfNet participated in the farmers’ field day held on 8th June 2006 at Emali 
Primary School to demonstrate to the farmers the technologies that can be used in the arid and semi-arid 
areas (ASALs) for improved agricultural production and environmental conservation. These trials are 
being implemented by DMP, Kenya and Tropical Soil Biology and Fertility Institute (TSBF). The field 
day was organized in collaboration with Kenya Forestry Research Institute (KEFRI), KARI-Kiboko 
Centre, Ministry of Agriculture, TSBF, ICRISAT, Non-governmental organizations (NGOs), farmers and 
other stakeholders from private sector.  
About 102 farmers from Kambu, Oloitokitok, Matiliku, Katie and Mbitini locations in Makueni and 
Kajiado districts attended the field day. Another 50 participants came from KARI-Katumani Centre, 
KARI-Kiboko Centre, ICRISAT, TSBF, DMP secretariat from KARI HQ, MoA and Mang’elete FM (a 
local radio station). About 200 students from Emali primary school also participated in the function. 
During the field day, participants were taken round the experimental site by KARI and MoA extension 
officers. The technologies being experimented were water harvesting (tie ridging), manure application, 
inorganic fertilizer application, crop rotation, and different maize and cowpea cropping systems (Figure 
53). The cropping systems comprised the rotation of maize with cowpea, intercropping both crops and 
planting them as monocrops. The combined effects of all these factors on crop performance were also 
shown.
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Figure 53. Scenes from the farmer field day at Emali, Eastern Kenya. 
Other available dry land farming technologies for improved environmental conservation and crop 
production were also demonstrated to the participants by different stakeholders. These demonstrations 
and exhibitions were: 
? Different types of fertilizers, soil erosion control and fertility management 
? Agro-chemical products from Osho Chemical Industries Ltd 
? Seeds and seedlings of different fruit trees and other trees of economic importance by KEFRI-
Kibwezi Station 
? Different types of forage grasses and how they are grown by KARI-Kiboko staff 
? Hay making using simple home made technologies by a farmer already practicing the technology 
? Cereal and legume seeds for the dry lands by KARI-Katumani and ICRISAT 
Farmers had an opportunity to interact with the scientists through open discussions. Farmers expressed 
their appreciation for the information given to them on various technologies through pamphlets, posters 
and demonstrations.  
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Conservation Agriculture research in Western Kenya 
A study was carried out in Teso district Western Kenya to assess the effects of conservation tillage, crop 
residues and cropping systems on the dynamics of soil organic matter and overall maize - legume 
production. Table 45 below gives the treatments evaluated. For each cropping system, plots were sub-
divided into 4 subplots to cater for different rates of N and P application as well as the N response curve.




Tillage method Crop residue 
management 
Cropping system (CR) 
1 CNT-Conservation +Crop residue Legume-Cereal ROTATION (CS1+CR) 
2 CNT + Crop residue Legume-Cereal INTRCP (CS2+CR) 
3 CNT + Crop residue CONTINUOUS CEREAL (CS3+CR) 
4 CNT -Crop residue Legume-Cereal ROTATION (CS1-CR) 
5 CNT -Crop residue Legume-Cereal INTERCROP (CS2-CR) 
6 CNT -Crop residue CONTINUOUS CEREAL (CS3-CR) 
7 CT-conventional +Crop residue Legume-Cereal ROTATION (CS1+CR) 
8 CT +Crop residue Legume-Cereal INTRCP (CS2+CR) 
9 CT +Crop residue CONTINUOUS CEREAL (CS3+CR) 
10 CT -Crop residue Legume-Cereal ROTATION (CS1-CR) 
11 CT -Crop residue Legume-Cereal INTERCP (CS2-CR)  
12 CT -Crop residue CONTINUOUS CEREAL (CS3-CR) 
CNT= Conservation tillage; CT= Conventional tillage 
Initial soil characterization 
Initial soil test values for Teso soils showed low organic carbon and total N content (Table 46). This is 
because the soils are sandy hence less carbon is protected within the particles. Soil aggregate dynamics 
strongly influence carbon sequestration and cycling. 
Significant increase in soil carbon contents was observed in plots receiving residue compared to plots 
without residue (Figure 54). The use of organic amendments provided a more stable source of N and 
increased the SOC content of the top 0-10cm depth of soil. 
In the 2005 LR, grain yields varied in conservation tillage plots with and without residue (Table 47). 
Higher yields were observed in plots with residue application, also yields increased with increasing rates 
of fertilizer application with plots receiving 60 kg P h-1a and 60 kg N ha-1 giving higher yields. Higher 
response of maize was observed with combination of N and P compared to when the N and P were 
applied singly. 
Table 46. Soil characterization (0-15cm) before treatment application at Asinge site Teso, 2005. 
Parameter  
Soil pH (H2O) 5.49 
% Organic Carbon 0.83 
Olsen P mg kg-1 soil 6.04 
Total N (%) 0.08 
% Silt 7.45 
% Sand 84.7 
% Clay 7.85 
Textural Class Loamy Sand 
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Figure 54. Total carbon content soils (0-20cm) of 2005 (SR) of residue and no-residue plots. 
Table 47. Maize yield (t ha-1) as affected by nutrient and crop residue management in conservation trial in Teso, 
Western Kenya. 
Maize yields in residue plots Maize yields in no-residue plots Treatment
---------------------------------------- t ha-1 ----------------------------------------
R:60P+0N 4.86 4.52 
R:60P+60N 8.14 4.82 
I:60P+60N 5.22 5.22 
I:60P+0N 2.66 2.55 
I:0P+60N 3.47 2.89 
I:0P+0N 1.79 1.88 
C:60P+90N 6.92 6.51 
C:60P+60N 8.13 7.48 
C:60P+30N 6.28 4.28 
C:60P+0N 2.47 2.47 
Technical capacities enhanced for quantification and valuation of water-related ecosystem services 
in the Andes




GTZ/Andean Watersheds Project, 
3
TSBF-CIAT
There is a capacity building strategy as part of the WFCP project “Payment for Environmental Services 
(PES) to promote rural development in upper watersheds of the Andes” to enhance local capacities 
required to measure and quantify environmental externalities. For this reason, several capacity building 
events have been carried out that were focused on the use of hydrological models for quantification of 
hydrological services and on the valuation of those services. The following training activities were carried 
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? The course on “SWAT (Soil Water Assessment Tool), a hydrological model as a tool to generate and 
analyze geospatial information required for the design of PES (Payment for Environmental Services) 
schemes” was held on June 12-17 of 2006 in Cajamarca, Peru. Sixteen technicians from local 
institutions of Jequetepeque and Piura watersheds attended the course. This course was supported by 
the WFCP, the GTZ and WWF-CARE (Peru). 
? Four technicians from Altomayo (Peru) were trained in the use of SWAT – Soil & Water Assessment 
Tool, at CIAT. The training was held in CIAT during January 2006. Subsequently, the research team 
provided adequate advise to these technicians during the application of the tool for the Altomayo 
watershed analysis.
? Four technicians from the CAM (Environmental Corporation of the High Magdalena Region of 
Colombia) were trained in the use of SWAT and ECOSAUT – a model for ex ante evaluation of land 
use alternatives and the valuation of environmental externalities. These two training activities were 
held at CIAT during February and June of 2006. 
? About 30 professionals working in the Andes attended the course “Manejo Integrado de Cuencas” 
[Integrated Watershed Management] organized by the GTZ. Various contents were developed by the 
research team that included SWAT modeling and ex-ante evaluation of land uses in watersheds. The 
course was academically managed by the Universidad de La Molina in Lima, Peru, who issued the 
course certificates.  
? One professional from CORMAGDALENA (Autonomous Region of the Magdalena River 
Watershed) was trained in the use of SWAT model. After this, CIAT has been giving support to this 
organization to apply the model appropriately based on the available biophysical information.  
Adoption of the Nutrient Management Support System (NuMaSS) Software throughout Latin 
America 
J. Smyth1, M. Ayarza2 and M. Trejo2
1NCSU, Raleigh, USA; 2TSBF-CIAT
Completion of a network of N fertilization trials in Honduras and Nicaragua provided soil and crop N 
coefficients for the six most common maize varieties grown in the region. Along with the interim release 
of the Data Base Editor Module for NuMaSS, these coefficients enable users to customize the software’s 
database and make site- and varietal-specific fertilizer N recommendations within their regional domains. 
Six NGOs working with FAO in subsistence farming communities of Honduras were trained in NuMaSS 
and are using the customized database to develop N recommendations for their demonstration trials with 
farmers. 
Work in Progress 
Test and Compare NuMaSS Predictions on Nutrient Diagnosis and Recommendations with 
Existing Soil Nutrient Management
J. Smyth1, M. Ayarza2 and M. Trejo2
1NCSU, Raleigh, USA; 2TSBF-CIAT
Field trials to develop varietal and soil coefficients used by NuMaSS for N recommendations on corn 
were continued in the 2005/06 season at La Ceiba, Yorito, Catacamas and Candelaria in Honduras, and at 
San Rafael and San Dionisio in Nicaragua. The crop at La Ceiba was severely damaged by hurricane 
Wilma and there was no response to fertilizer N for the second consecutive crop at Catacamas. The two 
years of collective data have enabled the development of robust estimates for key crop and soil 
coefficients used by NuMaSS to provide fertilizer N recommendations for the corn varieties, which are 
used extensively throughout the two countries. 
Coefficient values for each variety are summarized in Table 48 along with the default values used by 
NuMaSS whenever such information is not locally available. The importance of developing crop and soil 
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coefficients for local varieties and soils is illustrated in Table 48 via comparisons of N recommendations 
by NuMaSS for a 4.5 t ha-1 grain yield using the either the software’s default coefficients or the varietal 
and soil coefficients for each location; differences from the software’s default recommendations range 
from 0 to 197 kg N ha-1. The value of site-specific N recommendations versus regionally-constant 
“recipes” is also evident when comparing fertilizer N rates to achieve optimum yields among field trial 
sites. Required fertilizer N ranged from 0 to 125 kg ha-1. A new database editor module allows users to 
customize the NuMaSS software by adding these varietal and soil coefficients for their specific regions 
Table 48. NuMaSS default and site/varietal-specific crop and soil coefficients, and associated software 
fertilizer N recommendations in Honduras and Nicaragua. 
LocationVariable NuMaSS 
Default





Variety -- DICTA 
Guayape
HS 15 DK 53 HB 104 NB 6 N. blanco
Yield w/o N, kg ha-1 2468 1700 5600 5200 1400 3000 2450 
Opt. yield, kg ha-1 3320 4100 5600 7400 3100 4100 6600 
N for opt. yield, kg ha-1 -- 50 0 105 95 60 125 
Grain:stover ratio 0.84 0.69 0.77 1.34 0.77 0.76 1.17 
% N grain 1.24 a 1.47 1.44 1.40 1.68 1.43 
% N stover 0.57 0.61 1.15 0.65 0.71 0.70 0.51 
Soil N supply, kg ha-1 97 a 154 75 36 66 46 
% fert. N recovery 44 a c 49 30 32 74 
N Recom.b , kg ha-1 0 a 0 4 197 124 38 
a Determination pending completion of plant tissue N analysis 
b NuMaSS fertilizer N recommendations using either the software’s default values or the site- and 
variety-specific values; for purposes of comparison, a target grain yield of 4500 kg ha-1 was used for 
all recommendations. 
c Unable to be determined due to lack of yield response to fertilizer N. 
Identify and Refine the NuMaSS Components that aid Its Adoption and Usefulness 
J. Smyth1, M. Ayarza2 and M. Trejo2
1NCSU, Raleigh, USA; 2TSBF-CIAT
Field Testing the NuMaSS Data Base Editor Module: During visits to collaborator sites this past year, we 
have tested the Data Base Editor Module by adding to NuMaSS soils data for their trials sites, and soil 
and crop N coefficients which their trials have produced for locally-used crop varieties. In some cases we 
have also added new commercial fertilizer formulations and nutrient analysis for locally available chicken 
litter and animal manures. 
User reactions to this ability to customize the software’s data base with their local information has been 
very good. It minimizes their need to store region-specific information in separate documents, as well as 
the repetitive task of data input each time they run the software. Data customization and confidence in the 
software’s recommendations for Diagnosis and Prediction has enable users to make better use of the 
powerful Economics module; users are beginning to appreciate the importance of selecting appropriate 
mixtures or blends of fertilizers available in their local markets, as well as considerations of various “what 
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if” scenarios in terms of constraints on available cash to purchase fertilizers or available sources of 
commercial and organic nutrients. 
Based on user feedback, we have added additional soil and crop variables to the Data Base Editor Module 
and perfected steps to be taken for deletion of an undesirable data record. Several user-selectable options 
for software retrieval of data table values were added to ensure that software performance by users with 
crop variety-specific information did not compromise NuMaSS use by novice users who depend entirely 
on the default values originally present in the data tables. 
Adapt NuMaSS Database and Structure to Users and Regions 
J. Smyth1, M. Ayarza2 and M. Trejo2
1NCSU, Raleigh, USA; 2TSBF-CIAT
Field Tests of NuMaSS Fertilizer Recommendations by NGOs in Honduras: Five of seven corn field trials 
comparing NuMaSS recommendations to local farmer practices were followed to completion this year. 
This outreach program involved the CIAT-MIS consortia providing technical assistance to seven different 
NGOs involved in an FAO-sponsored seed production project for subsistence agriculture. Each trial site 
was located in a different farm community throughout Honduras. NuMaSS recommendations were based 
on a preliminary soil analysis for each site and, when available, information from NGO collaborators on 
cropping history and targeted corn yield. 
For the harvested sites, yields with NuMaSS recommendations were similar or superior to those with 
local farmer practices (Table 49). Results also show that fertilization, even among subsistence farmers, is 
a common practice. The two most frequently used fertilizers are 12-24-12 and 18-46-0; however, native 
soil K levels were adequate for all sites and NuMaSS recommendations for several of the sites indicate 
adequate P availability. 
NGO and FAO collaborators were pleased with the NuMaSS sensitivity to site-specific soil conditions 
and farmer’s targeted yields. Consequently, they have decided to expand the field trials next year to a 
greater number of farming communities, with NGOs and farmers cost-sharing the initial soil test analyses 
of all sites. 
Table 49.  Targeted and achieved corn yields with NuMaSS N and P recommendations and local farmer 
practices in NGO trials throughout Honduras in 2005. 
NuMaSS Local PracticeTarget
Yield N P Yield N P Yield
NGO Site Department ---------------------------------- kg ha-1 ---------------------------------- 
CISP Tocoa Colon 6490 220 13 a 97 7 a
V. Mund. Cuchilla S. Barbara 3894 56 15 1362 0 0 951 
CCD Flores S. Barbara 4543 145 21 b ? ? b
G. Guia Guinope El Paraíso 4543 136 4 577 0 0 495 
MOVIMUNDO Alauca El Paraíso 3245 107 0 b 8 7 b
ICADE Limones El Paraíso 3894 113 0 4540 82 26 4824 
MOVIMUNDO Canciras Ocotepeque 4543 175 0 3959 82 26 4543 
a Damaged by Hurricane Wilma 
b No crop harvest 
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Output target 2007 
? At least three capacity building courses on ISFM held by AfNet and MIS 
1) Participatory Research and Gender Analysis Workshop, Harare, Zimbabwe 2nd - 13th
October, 2006 
This training workshop was organized under the AfNet-ERI-IDRC Project titled: Up-Scaling NRM 
Innovations in Sub-Saharan Africa The project is funded by IDRC and aims at strengthening partnerships 
and the capacity of AfNet scientists, NGOs, CBOs, farmers’ organizations and groups, to carry out 
research for development through the application of innovative participatory research approaches and 
cutting-edge NRM research and development to enhance agricultural productivity and promote rural 
innovation processes. The project has four specific objectives; building interdisciplinary R&D teams, 
empowering farmers’ organizations and CBOs to participate in the research process, conduct participatory 
adaptive research to test, adapt and promote innovative NRM and to develop a systematic process for 
PM&E.
The project is being implemented in six countries: Kenya and Uganda in East Africa, Malawi and 
Zimbabwe in Southern Africa, Ghana and Burkina Faso in West Africa.  
Key objectives of the workshop  
? To strengthen skills of country teams in applying participatory approaches in Natural Resource 
Management 
? To strengthen skills of country teams in integrating gender  in Natural Resource Management 
? To develop across site and across country research agenda for the project including research 
questions, and data collection protocols 
? To develop a participatory monitoring and evaluation system for tracking livelihood and NRM 
impacts of the project 
The workshop was attended by multi-disciplinary teams consisting of soil scientists, agricultural 
economists and other social scientists including sociologists and extension specialists from the six 
participating countries. Figure 55 illustrates the diversity in disciplines of the team. This is crucial to the 
success of the project because to achieve the large scale impacts requires teams with diverse expertise. 
Participants came from different institutions covering the entire research-extension continuum and 
included universities (37.5%), research departments (37.5%), extension departments (16.6%) and NGOs 
(8.4%). The teams included both male (71%) and female (29%) participants (Table 50). 
The following components were covered during the training workshop (Figure 56): 
? An introduction to Participatory Approaches 
? Concepts of Gender and Gender Analysis 
? Participatory Diagnosis and community visioning 
? Participatory Approach to Community Agro-enterprise Development 
? Farmer Participatory Research 
? Participatory Monitoring and Evaluation 
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Figure 55: Composition of the participants to the training workshop.



































































Table 50. Workshop participants and facilitators. 
Upscaling NRM Innovations in SSA: Participatory Approaches and Gender Analysis Workshop 
St. Lucia Park, Harare Zimbabwe 2nd to 13th October, 2006 
FULL NAME ORGANIZATION COUNTRY 
Participants   
Isaiah Nyagumbo University of Zimbabwe, Dept of Soil science and Agric Eng. 
P.O. Box MP167, Mount Pleasant 
Zimbabwe 
Shamie Zingore TSBF CIAT P.O. Box MP228, Mount Pleasant, Harare Zimbabwe 
Malvern
Mupandawana
University of Zimbabwe, Dept of Agric Economics P.O. Box 




TSBF - CIAT P.O. Box 30677 (00100) Nairobi Kenya 
Erick Cheruiyot Egerton University Dept of CHS, P.O. Box 536 NJORO, Kenya Kenya 





Department of Env. Sciences Kenyatta University P.O. Box 
43844 NAIROBI 
Kenya 
Regina G M 
Karega
Kenyatta University Dept. of Sociology P.O. Box 43844 
NAIROBI 
Kenya 
Ezra Mbendera Ministry of Agriculture Salima P. Bag 1, Salima   Malawi 
Kenneth Chawa Ministry of Agriculture Mhchinga P. Bag 3, Liloonde   Malawi 
Tennyson 
Magombo 





Department of Agriculture Extension P.O. Box 30145 
LILONGWE 
Malawi
Keston Njira Bunda College of Agriculture P.O. Box 219 LILONGWE Malawi 
Hilda Janet Kabuli Department of Agriculture Research P.O. Box 158 
LILONGWE 
Malawi
Christine Iceduna Pallisa local Government, P.O. Box 14 PALLISA Uganda 
Ali Mawanda Africa 2000 Network -UGF P.O. Box 21990, KAMPALA Uganda 
Kayuki C Kaizzi National Agricultural Research Organization KARI/NARO 
P.O. Box 7065, KAMPALA 
Uganda













CSIR-Savanna Agricultural Research Institute P.O. Box 52, 
Tamale 
Ghana
Francis K Obeng University for Development Studies  P.O.Box1882, Tamale Ghana 
Joyce Afua 
Bediako
University for Development studies, P.O. Box TL1882, Tamale Ghana 
Paul W Savadogo INERA GRN-SP 01BP 476 0uaga 01  Burkina Faso 
Barry Silamana INERA /Kamboinse 01BP 476 Ougalogou  Burkina Faso 
Gaspard Vognan INERA /Programme Coton 01 BP 208 Bobo Dioulasso  Burkina Faso 
Zacharie Segda INERA 04 BP 8645 Ouagadougou 04 Burkina Faso 
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Table 50 (Cont).
FULL NAME ORGANIZATION COUNTRY 
Facilitators   
Andre Bationo CIAT - TSBF P.O. Box 30677, NAIROBI Kenya 
Susan Kaaria International Centre for Tropical Agriculture CIAT, P.O. Box 
6247, KAMPALA 
Uganda
Jemimah Njuki International Centre for Tropical Agriculture CIAT Chitedze 
Research Station, P.O. Box 158, LILONGWE 
Malawi
Jonas Chianu CIAT - TSBF P.O. Box 30677, NAIROBI Kenya 
Pascal Sanginga International Centre for Tropical Agriculture CIAT, P.O. Box 
6247, KAMPALA 
Uganda
Robert Delve TSBF CIAT P.0.Box MP228, Mount Pleasant, Harare Zimbabwe 
Coletah Chitsike ICRA, P.O. Box 8783, PRETORIA, 001, South Africa South africa 
2) Mainstreaming Gender in Research and Development (Gender Training workshop) Nazareth 
Ethiopia
This workshop was co-hosted by the African Network for Soil Biology and Fertility (AfNet) and the 
International Institute for Rural Reconstruction (IIRR) Africa. The general objective of the workshop 
were to enhance the knowledge, skills and awareness of agricultural research and extension program 
leaders, so that they can engage in community driven research by including a gender ‘lens’ to their work 
and use of participatory approaches in planning, monitoring and evaluation of research and extension 
work. The training workshop was held in Nazareth Ethiopia between 20th and 31st March 2006. The 
workshop was attended by 10 participants (8 women and 8 men) drawn from 7 countries- Ethiopia, 
Kenya, Nigeria, Tanzania, Uganda, and Zambia and was sponsored by the CTA. 
Support to Conferences and Workshops 
AfNet has continued to support the organization of workshops and conferences to share information on 
agricultural research and development. In 2006, AfNet was one of the sponsors to the Soil Science 
Society of East Africa (SSSEA) Conference which was held in Hotel Brovard, Masaka, Uganda. AfNet 
was also invited to give a key note paper during this conference. AfNet also supported several scientists 
and students to attend the SSSEA and the African Crop Science Conference (ACSC) and the World 
Congress of Soil Science, July 9-15, 2006, Philadelphia, Pennsylvania, USA.
NuMaSS Workshop in Honduras/Nicaragua 
J. Smyth1, M. Ayarza2 and M. Trejo2
1NCSU, Raleigh, USA; 2TSBF-CIAT
The annual planning meeting with CIAT-MIS collaborators participating in the N fertilization trials for 
corn in Honduras and Nicaragua, held this year at Siguatepeque - Honduras, was expanded into a joint 3-
day workshop with NGO participants in the FAO project for subsistence farmers in Honduras. One full 
day was devoted to hands-on training with the NuMaSS software, wherein participants used soil tests, 
yields and economics data from field trials at each of their locations. A total of 23 participants - 13 from 
the CIAT-MIS N trial network, 9 from NGOs and 1 representative from the region’s major fertilizer 
distribution company (FENORSA) - attended the workshop. The importance of repeated training events 
on NuMaSS, to overcome changes in collaborating personnel, can be illustrated by the fact that only one 
of the 20 CIAT-MIS participants trained in the initial workshop of 2002 attended this second workshop. 
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The CIAT-MIS collaborators tested the outcomes of NuMaSS predictions and recommendations after 
entering their soil and maize varietal N coefficients to the software database via and interim version with 
the Data Base Editor Module. The NGO collaborators benefited from exposure to the field trials 
generating varietal N coefficients, because they use the same varieties in their work with the subsistence 
farmer communities. 
Considerable discussion focused on the Economic evaluations of the fertilizer N and P recommendations. 
Several situations were encountered where fertilizers with K were being used on soils with ample native 
K or P fertilizers on soils with adequate P. Even under conditions where both N and P are needed, the use 
of locally-available N-P-K mixtures often led to excess applications of fertilizer P when trying to meet the 
crops N requirements; in such cases, collaborators were enthused to learn that the NuMaSS Economics 
module adjusted recommendations to avoid excess P when fertilizers with only N were added to the pool 
of available nutrient sources. 
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Output target 2007 
? Books, web content and papers produced by partners in BGBD project both north and south in 
seven tropical countries  
Books and bulletins published 
Books
Brazil published the Book on Soil biodiversity in Amazonian and other Brazilian ecosystems, 
Wallingford: CAB International, 2006, 280 p ISBN-10: 1-84593-032-0; ISBN-13: 978-1-84593-032-5 by 
Moreira, F.M.S.; Siqueira, J.O.; Brussaard, L. (Ed) 
Chapters in the book included: 
1- Soil organisms in tropical ecosystems: a key role for Brazil in the global quest for the 
conservation and sustainable use of biodiversity. Fatima M.S. Moreira (UFLA), José Oswaldo Siqueira 
(UFLA) and Lijbert Brussaard (WU) .
2- Soil and land use in Brazilian Amazon. M.L. Mendonça-Santos, H.G. dos Santos, M.R. Coelho, 
A.C.C. Bernardi, P.L.O.A. Machado; C.V. Manzatto and E.C.C. Fidalgo (EMBRAPA-SOLOS).  
3- Soil macrofauna communities in Brazilian Amazonia. Barros E.(INPA), Mathieu, J.(IRD), Tapia-
Coral S.(INPA), Nascimento A.R.L.(INPA), Lavelle P.(IRD-France)
4- Earthworm ecology and diversity in Brazil. James, S.W.(NHM) & Brown, G.G.(Embrapa-Soja)  
5- Termite diversity (Insecta:Isoptera).R. Constantino (UNB), A.N.S.Acioli (INPA).
6- Patterns of diversity and responses to forest disturbance of ground-dwelling ants in Amazonia.
H. L. Vasconcelos.(UFU)
7- Soil mesofauna in Central Amazon. E.Franklin & J.W. Moraes (INPA).  
8- Nematode communities at different land-use systems in Brazilian Amazon and Savannah 
vegetations. S.P. Huang & J.E. Cares (UNB).  
9-  Diversity of microfungi tropical soil. L. Pfenning & L.M.Abreu (UFLA).  
10- Diversity of Arbuscular Mycorrhizal Fungi in Brazilian Ecosystems. Sidney Luiz Stürmer 
(FURB)& José Oswaldo Siqueira (UFLA).
11- Nitrogen-fixing Leguminosae nodulating bacteria. F.M.S. Moreira.  
Indonesia also published the book titled ‘The Future Use of Legume Nodulating Bacteria (LNB) in 
Indonesia: Technical and Economic Perspectives (2005). Editors: Bustanul Arifin, Hanung Ismono and 
Muhajir Utomo. 149 p, ISBN: 979-8287-75-4 Copyright Universitas Lampung. 
Another Handbook by Indonesia published was titled “Method for Assessment of Below-Ground 
Biodiversity in Indonesia (2005). Editors: F.X. Susilo and Agus Karyanto. 58 p. ISNB: 979-8287-76-2. 
Copyright Universitas Lampung. 
Bulletins
Coelho, M.R.; Fidalgo, E.C.C; Araújo, F.O; Santos, H.G. dos, Mendonça Santos, M.L.; Pérez, D.V., 
Moreira, F.M.S., 2005a. Solos das áreas-piloto do Projeto BiosBrasil (Conservation and Sustainable 
Management of below-ground biodiversity: Phase I), Município de Benjamin Constant, Estado do 
Amazonas. [Soil of pilot areas of Conservation And Sustainable Management of below-ground 
biodiversity: Phase I, Benjamin Constant County, Amazonas State.]Rio de Janeiro:Embrapa Solos. 
Boletim de Pesquisa e Desenvolvimento, 67. 159 p.(available on line www.biosbrasil.ufla.br, or 
http://www.cnps.embrapa.br/solosbr/publicações/levantamentodesolos).
Coelho, M.R.; Fidalgo, E.C.C; Araújo, F.O; Santos, H.G. dos, Mendonça Santos, M.L.; Pérez, D.V., 
Moreira, F.M.S., 2005b. Levantamento pedológico de uma área-piloto relacionada ao Projeto BiosBrasil 
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(Conservation And Sustainable Management of below-ground biodiversity: Phase I), Município de 
Benjamin Constant (AM): Janela 6 [Soil survey of a pilot area related to conservation and sustainable
management of below-ground biodiversity project: phase 1, Benjamin Constant County, Amazonas State: 
window 6].Rio de Janeiro: Embrapa Solos. Boletim de Pesquisa e Desenvolvimento, 68. 94 p. (available 
on line www.biosbrasil.ufla.br or
http://www.cnps.embrapa.br/solosbr/publicações/levantamentodesolos)
Fidalgo, E.C.C; Coelho, M.R.; Araújo, F.O.; Moreira, F.M.S; Santos, H.G.; Mendonça- Santos, M.L.; 
Huising, J., 2005. Levantamento do uso e cobertura da terra de seis áreas amostrais relacionadas ao 
projeto BiosBrasil (Conservation and sustainable management of below-ground biodiversity: Phase 1), 
Município de Benjamin Constant, (AM).[Land use and cover survey in benchmark area of CSM-
BGBD/BiosBrasil project:phase 1, Benjamin Constant (AM)] Rio de Janeiro:Embrapa Solos: Boletim de 
Pesquisa e Desenvolvimento da Embrapa Solos 71, 54 p. .(available on line www.biosbrasil.ufla.br or 
http://www.cnps.embrapa.br/solosbr/publicações/usodosolo).
Theses defended and published 
Doctoral Theses 
Rafaela Simão Abrahão Nóbrega: Efeito de sistemas de uso da terra na Amazônia sobre atributos do 
solo, ocorrência, eficiência e diversidade de bactérias que nodulam caupi [Vigna unguiculata (L.) Walp] 
[Effects of Amazonian land use systems on soil attributes, occurrence, efficiency and diversity of bacteria 
nodulating cowpea Vigna unguiculata (L.) Walp ]Doctoral Thesis Graduate Programme Soil Science and 
Plant Nutrition – Soil Science Department/UFLA, MG. 188 p. April 2006. Supervisor Fatima M S 
Moreira.
Vanessa Andaló: Estudos taxonômicos e armazenamento de nematóides entomopatogênicos (Rhabditida: 
Steinernematidae, Heterorhabditidae). Taxonomic studies and storage of entomopathogenic nematodes 
(Rhabditida: Steinernematidae, Heterorhabditidae) 184 p. Tese (Doctoral Thesis Graduate Programme 
Agricultural Entomology) – Universidade Federal de Lavras, Lavras, MG, December, 2006. Supervisor 
Alcides Moino Jr. 
Adriana Silva Lima: Densidade, eficiência e diversidade de bactérias que nodulam siratro de solos sob 
diferentes usos na Amazônia Oriental. (Density, efficiency and diversity of bacteria nodulating siratro 
from soils under different uses in eastern Amazon region) Doctoral Thesis Graduate Programme Soil 
Science and Plant Nutrition –Soil Science Department/UFLA, MG. 188 p. Supervisor Fatima M S 
Moreira.
MSc Thesis and graduated students 
Ederson da Conceição Jesus.Diversidade de bactérias que nodulam leguminosas, isoladas de três 
sistemas de uso da terra, na região do Alto Solimões-AM.[ Diversity of Leguminosae nodulating Bacteria 
isolated from different land use systems placed in the Alto Solimões region-]AM, Brazil. MSc Thesis, 
Graduate programme in Agricultural Microbiology, Universidade Federal de Lavras, MG, 114 p. 
Supervisor: Fátima M.S.Moreira March 2004. 
Paulo Henrique da Silva: Estrutura de comunidade de Scarabaeidae (Insecta: Coleoptera) em diferentes 
sistemas de uso da terra na Amazônia [Structure of the Scarabaeidae (Insecta: Coleoptera) communities in 
soils under different land uses in the Amazônia]. MSc Thesis Graduate Programme on 
Agronomy/Entomology/UFLA, MG. 42 p. Supervisor: Dr. Julio Louzada.February 2005. 
Frederico Vasconcelos Ribeiro: “Biodiversidade e distribuição geográfica de Anastrepha spp. (Diptera: 
Tephritidae) no alto e médio rio Solimões, Amazonas”. [Biodiversity and distribution of Anastrepha spp. 
(Diptera: Tephritidae) in Upper Solimões River, Amazonas]. MSc Thesis Graduate Programme in 
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Agriculture and Sustainability In Amazônia,  FCA/UFAM, AM, 92 p..Supervisor: Dr. Neliton Marques, 
June 2005. 
Patricia Lopes Leal: Fungos micorrízicos arbusculares isolados em culturas armadilhas de solos sob 
diferentes sistemas de uso na Amazônia [Arbuscular mycorrhizal fungo isolated by trap cultures from 
soils under different land uses in Amazonia ].. MSc Thesis Graduate Programme Soil Science and Plant 
Nutrition –Soil Science Department/UFLA. 69 p. Supervisor Dr. José Oswaldo Siqueira. Co-supervisor: 
Dr. Sidney Sturmer, July  2005. 
Gláucia Alves e Silva: Infectividade e eficiência de comunidades de fungos micorrízicos isoladas de 
solos sob diferentes sistemas de uso na região amazônica [Infectivity and effectiveness of arbuscular 
mycorrhizal fungi isolated from soils under different land uses in Amazonia].. MSc Thesis Graduate 
Programme Soil Science and Plant Nutrition –Soil Science Department/UFLA. 62 p. Supervisor Dr. José 
Oswaldo Siqueira. Co-supervisor: Dr. Sidney Sturmer, July  2005. 
Krisle da Silva: Densidade e caracterização de bactérias diazotróficas associativas oriundas de diferentes 
sistemas de uso da terra na região amazônica.[Density and characterization of diazotrophic associative 
bactéria in soils under diverse land use systems in Amazonia] MSc Thesis Graduate Programme Soil 
Science and Plant Nutrition –Soil Science Department/UFLA. 73 p. Supervisor Fatima M S Moreira, 
February 2006. 
Antonio Edson de Souza Soares: Nutrientes e Carbono no Solo em Áreas com diferentes Sistemas de 
Uso na Região do Alto Solimões-AM. [Soil nutrients and carbon in areas with different land use systems 
in Alto Solimões region-AM]Dissertação de Mestrado em Agricultura no Trópico Úmido, Inpa/Ufam, 
56p.Supervisor: Sonia Senna Alfaia, December 2006. 
Giselle Gomes Monteiro – Dissertação em Microbiologia Agrícola. 1/2/2007-Supervisor Ludwig 
Pfenning.
Yolanda Chalchi Martínez-Ingeniero Agrónomo Facultad de Ciencias Agrícolas Universidad 
Veracruzana 2005. 
Luz María Camarena-Licenciatura en Biología Facultad de Ciencias. Universidad Nacional Autónoma 
de México. 2006. 
Bibiana López-Cano-Licenciatura en Biología Facultad de Ciencias. Universidad Nacional Autónoma de 
México. 2006. 
Carlo Ríos Martínez Soto-Licenciatura en Biología Facultad de Ciencias. Universidad Nacional 
Autónoma de México. 2006. 
Lidia Nelly Morales León-Químico Bacteriólogo Parasicólogo Instituto Politécnico Nacional. 2006. 
Presentations at Scientific meetings and other fora 
Lecture presented by Stürmer S.L.at 57o Congresso Nacional De Botanica, 2006. Diversidade de fungos 
micorrízicos arbusculares em ecossistemas brasileiros.  Simpósio – Diversidade Fúngica na América 
Tropical e Temperada.  Anais...57 Congresso Nacional de Botânica. Gramado, RS, Brasil. Pp. 216-219. 
196
Lecture presented by Stürmer, S.L.  2006 at FERTBIO2006.  Diversidade de fungos micorrízicos 
arbusculares em ecossistemas naturais e agrícolas brasileiros.  Seminário – Ecologia microbiana e 
estratégias de manejo sustentáveis. Anais...FERTBIO2006.  Bonito, MS, Brasil.  CD ROM. 
COP08, Curitiba-20-24/3/2006 
Fátima M S Moreira: Launch of Brazilian book and talk: “The huge and hidden biodiversity below our 
feet”.
XV congresso de pós-graduandos da Universidade Federal de Lavras, MG-20- 24/11/2006 
Fátima M S Moreira: Biodiversidade de ecossistemas naturais: Projeto Conservação e Manejo Sustentável 
da Biodiversidade do Solo- BiosBrasil (http://www.biosbrasil.ufla.br/).
Papers and posters presented at Workshops 
Barois I, S. Negrete-Yankelevich , J. Alvarez, G. Castillo, C. Fragoso, F. Franco, J. A. García, T. Fuentes, 
S. Cram, E. Martinez, M. Moron, P. Rodríguez, P. Rojas, V. Sosa, D. Trejo, L. Varela, J. A. Vasquez,  et 
al., M. de Los Santos, 2005. Conservación y Manejo Sostenible de la Biodiversidad Bajo el  Suelo 
(Conservation and Sustainable Management of Below Ground Biodiversity, BGBD.), Proyecto 
GF/2715-02-4517- GF/1030-02-05. Poster presented in the “Primer Congreso Internacional de casos 
exitosos de Desarrollo Sostenible del Trópico”, organizado por la  Universidad Veracruzana a través del 
Centro de Investigaciones Tropicales (CITRO) en conjunto con la Universidad de California-Riverside, a 
través de su Centro de Conservación Biológica, Mayo 2005, Boca del Río, Veracruz, México. 
Barois I, J.A. García, J. Álvarez, G. Castillo, S. Cram, C. Fragoso, F. Franco, T. Fuentes, B. López-Cano, 
E. Martínez, E. Meza, M. A. Morón, S. Negrete, P. Rodríguez, P. Rojas, V. Sosa, D. Trejo, y L. Varela. 
Resultados del Proyecto Biodiversidad Bajo del Suelo Los Tuxtlas, Ver. 2005 Poster presented in the 
workshop “Presentación de Resultados del proyecto: Conservation and Sustainable Management of 
Below-Ground Biodiversity (CSM-BGBD) en la Región de Los Tuxtlas III”, celebrated in November in 
Catemaco, Ver. 
Barois I, José A. García, Martín de los Santos, 2005. Resultados del proyecto Biodiversidad Bajo del 
Suelo, Ejido Adolfo López Mateos, 2005. Poster presented to the workshop “Presentación de Resultados 
del proyecto: Conservation and Sustainable Management of Below-Ground Biodiversity (CSM-BGBD) 
en la Región de Los Tuxtlas III”, celebrated in November in Catemaco, Ver. 
Barois I, José A. García, Martín de los Santos, 2005. Resultados del proyecto Biodiversidad Bajo del 
Suelo, Ejido Venustiano Carranza, 2005. Poster presented in the workshop “Presentación de Resultados 
del proyecto: Conservation and Sustainable Management of Below-Ground Biodiversity (CSM-BGBD) 
en la Región de Los Tuxtlas III”, celebrated in November in Catemaco, Ver. 
Barois I, José A. García, Martín de los Santos, 2005. Resultados del proyecto Biodiversidad Bajo del 
Suelo, Ejido San Fernando, 2005. Poster presented in the workshop “Presentación de Resultados del 
proyecto: Conservation and Sustainable Management of Below-Ground Biodiversity (CSM-BGBD) en la 
Región de Los Tuxtlas III”, celebrated in November in Catemaco, Ver. 
Franco-Navarro, F., Godinez-Vidal, D., Barois, I., de los Santos M., y J.A. García,. 2005. Nemátodos de 
“Los Tuxtlas” Veracruz México. Poster presented in the workshop “Presentación de Resultados del 
proyecto: Conservation and Sustainable Management of Below-Ground Biodiversity (CSM-BGBD) en la 
Región de Los Tuxtlas III”, celebrated in November in Catemaco, Ver. 
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Trejo, D. 2005. ¿Qué es una Micorriza? Poster presented in the workshop “Presentación de Resultados 
del proyecto: Conservation and Sustainable Management of Below-Ground Biodiversity (CSM-BGBD) 
en la Región de Los Tuxtlas III”, celebrated in November in Catemaco, Ver. 
María del Pilar Rodríguez-Guzmán,  Raúl Rodríguez-Guerra, Grisel Negrete-Fernández, Martha Robledo-
Esqueda, Erika Robledo-Esqueda y Bertha Sánchez-García. 2005. Hongos Patógenos de las raíces en 
Los Tuxtlas, Veracruz. Poster presented in the workshop “Presentación de Resultados del proyecto: 
Conservation and Sustainable Management of Below-Ground Biodiversity (CSM-BGBD) en la Región de 
Los Tuxtlas III”, celebrated in November in Catemaco, Ver. 
Simoneta Negrete, Isabelle Barois, José A. García, Martín de los Santos, Javier Álvarez-Sanchez, 
Gonzalo Castillo, Silke Cram, Carlos Fragoso, Francisco Franco, Tajín Fuentes, Esperanza Martínez, 
Miguel A. Morón, Pilar Rodríguez, Patricia Rojas, Vinicio Sosa, Dora Trejo, y Lucia Varela, 2005. 
Below-Ground BioDiversity in Tropical Landscapes: Mexican case study. Poster presented in the 
“First Diversitas open Science Conference”: OSC1-Integrating Biodiversity Science for Human Well-
being Oaxaca, México 9-12 Noviembre 2005. 
Pilar Rodríguez-Guzmán. 2005. Diversity of Root Pathogenic Fungi in the Los Tuxtlas Biosphere 
Reserve, Veracruz, México. Poster presented in the “First Diversitas open Science Conference”: OSC1-
Integrating Biodiversity Science for Human Well-being Oaxaca, México 9-12 Noviembre 2005. 
Esperanza Martínez. 2006. Cuantificación de los microorganismos que participan en los ciclos del 
nitrógeno y del azufre en suelos de “Los Tuxtlas”, Veracruz. Presented in the XXXV Congrego 
Nacional de Microbiología. 4-7Abril de 2006 Oaxtepec, Morelos. 
Franco-Navarro, F & D. Godinez-Vidal 2006. Soil nematode community under four land use 
intensities in the Mexican tropic. XXXVIII Annual Meeting ONTA (Organización de Nemátologos de 
los Trópicos Americanos) 26th-30th June San José Costa Rica. 
Franco-Navarro, F; J. Miranda-Damián & D. Godinez-Vidal 2006. New isolates of the nematophaguos 
fungs, Pochonia chlamidosporia, from Mexico. XXXVIII Annual Meeting ONTA (Organización de 
Nemátologos de los Trópicos Americanos) 26th-30th June San José Costa Rica 
Franco-Navarro, F. & D. Godinez Vidal. 2006. Occurrence of Pasteuria on soil nematodes in a 
Biosphere reserve in Mexico. XXXVIII Annual Meeting ONTA (Organización de Nemátologos de los 
Trópicos Americanos) 26th-30th June San José Costa Rica. 
Varela, L., F.J. Álvarez-Sánchez, I. Sánchez-Gallén, P. Guadarrama, D. Trejo, I, Barois, E. Amora-
Lazcano, L. Lara, D. Olivera, W. Sangabriel, R. Zulueta. 2006. Land Use and Diversity of Arbuscular 
Mycorrhizal Fungi in Mexican tropical rain forest. 5th International Conference on Mycorrhiza 
(ICOM5) 23th-27th, July 2006 Granada, Spain. 
Dora Trejo, Wendy Sangabriel, Liliana Lara, Ramon Zulueta, Lucia Varela, Juan Ruiz y Isabelle Barois.
2006. Disturbance and land use effect on functional diversity of the mycorrhizal fungi. Poster 
presented in the 5th International Conference on Mycorrhiza (ICOM5). 23th-27th, July 2006  Granada,  
Spain.
P. Rojas, A. Angeles, J. Amador and L. Hernández. 2006. Diversity of Soil Ants in Los Tuxtlas, Ver. 
Mexico: land use effects mediated by the amount of forested area. Poster presented in the XV 
International Congress of the International Union for the Study of Social Insects. 30th July–4th August, 
2006 Washington, D.C., USA. 
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C. Fragoso, L. Camarena, L, Coria & A. Ángeles. 2006. Earthworm Communities from Los Tuxtlas 
Reserve: Influence on land use systems and landscape changes. Poster presented in The 8th
International Symposium on Earthworm Ecology, I.S.E.E. 4th-9th September 2006 Krakow-Poland. Will 
be hosted by the Jagiellonian University, at the University New Campus, 30-387 Krakow, ul. 
Gronostajowa 7. Poland. 
Varela, L; Álvarez-Sánchez, F.J; Sánchez-Gallén, I; Guadarrama, P; Olivera, D; Trejo, D; Lara, L; 
Sangabriel, W; Zulueta, R; Barois, I & E. Amora-Lazcano. 2006. Análisis de la riqueza y diversidad de 
Hongos Micorrizógenos Arbusculares en función del uso del suelo en una selva alta perennifolia.
Congreso Mexicano de Ecología 2006. Morelia Michoacán, México. 26th-30th November 2006. Sociedad 
Científica Mexicana de Ecología, A. C. 
Workshops held 
Presentación y discusión final de los inventarios y planeación de la segunda fase. Xalapa, Veracruz 26th-
27th September 2005. 
Presentación de los inventarios y planeación de la segunda fase. Catemaco, Veracruz 4th-5th November 
2005. 
Taller de programación de actividades para la segunda etapa del proyecto BGBD. Ejido Adolfo López 
Mateos, Catemaco, Veracruz. 1st-2nd December 2005. 
Taller de planeación para la implementación de parcelas demostrativas y experimentales de azucena y 
maíz. Pajapan, Veracruz 3rd-4th April 2006.
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Output targets 2008 
? Farmer-to farmer knowledge sharing and extension through organized field trips and research 
activities result practices in at least two sites 
Published work 
Vanlauwe1, B. and Giller2, K. (2006) Popular myths around soil fertility management in sub-
Saharan Africa. Agriculture, Ecosystems and Environment 2006, 116: 34–46. 
1TSBF-CIAT, Kenya; 2WUR, the Netherlands 
Abstract: The aim of this paper is to demystify some of the popular myths related to tropical soil fertility 
management that have gained hold in the development community and are often being promulgated by 
NGO’s and development agencies in the tropics. Negative nutrient balances at farm scale or at larger 
scales are very often presented as proof that soil fertility is at stake in SSA. However, nutrient balances at 
plot and farm section scale are not always negative. In areas with large nutrient stocks, short-term nutrient 
mining is fully acceptable. Fertilizer use continues to face considerable controversy in SSA. In this paper, 
we demonstrate that fertilizers rarely damage the soil; that fertilizers are being used in SSA, often with 
favorable value-to-cost ratios; and that fertilizers do not cause eutrophication in SSA. Rock phosphates 
are abundantly present in SSA but most are poorly soluble. Adding these phosphates to compost heaps 
does not enhance the short-term availability of their P. Although organic inputs are essential soil 
amendments besides fertilizer, organic inputs alone cannot sustain crop production due to limitations in 
their quality and availability. Organic resources can also potentially stimulate harmful pests and diseases. 
Legumes are often advocated as important sources of organic matter but not all legumes fix nitrogen, 
require inoculation, or are a source of free nitrogen, as even green manures require land and labour. 
Certain grain legumes with high N harvest indices do not improve soil fertility, but remove net amounts 
of N from the soil. These myths need correction if we are to harness the role of science in the overall goal 
of assisting farmers to address the acute problems of poor soil fertility for smallholder farmers in SSA.
Completed work 
Investing in and benefiting from social capital: some insights into farmer groups and engendered 
imbalances in rural Mozambique  
Gotschi, E.1, Freyer, B1, Delve, R.J2. and Sanginga, P3.
1University of Natural Resources and Applied Life Sciences, Austria; 2TSBF-CIAT, Zimbabwe; 
3CIAT, Uganda 
Abstract: Farmer groups are a popular strategy for rural development projects to work with 
farmers in an organized way in sub-Saharan Africa. Group processes strengthen farmers’ 
capacities to articulate their needs, access information, technologies and markets that are often 
out of their reach. This study investigated who is investing into the group and how benefits of 
social capital are distributed amongst members and the broader community. Empirical results 
from analysis of farmers groups in rural Mozambique showed that farmer groups provide three 
types of goods: public goods, club goods, and private goods. Being in a group leads to a 
diversification of social relations, increased likelihood of accessing external resources, as well as 
mobilizing internal resources for collective action. Not all of these goods are equally distributed 
as there are significant differences based on gender, position within groups and educational 
levels. Though results suggested that group position is not significant in determining the ability 
of members to invest in and benefit from social capital, disaggregating this further by gender and 
position reveals that men are still more likely to obtain credit independent of position and that 
women leaders are more likely to obtain help and access information when they are leaders than 
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members of the group. This demonstrates that women in leadership positions can overcome some 
gender barriers that they experience as members only.  
The ability to create social relations that benefit individuals is likely to be concentrated in the hands of 
younger, male individuals who are more likely to be educated and in leadership positions. Group benefits 
need prior investments of individuals who are allocating time and efforts into participating in group 
activities.  Imbalances between investments and benefits from social capital will also be discussed. Even 
though the results show that there are no significant differences between group members in terms of 
investments into social capital, the extent of private goods that are generated by the group are not equally 
distributed amongst group members. Social capital is more easily accumulated by educated, younger male 
group members which reflect access to education and cultural social status. Gender has been identified as 
a key variable to determine a members ability to generate supportive relations and benefit from social 
capital.
Work in progress 
Comparing Two Research &Development Approaches: Collaborative Experiment Design And 
Farmer Experimentation 
I. Vandeplas1, S. Deckers2, J. Mukalam2 and B. Vanlauwe2
1KULeuven, Belgium; 2TSBF-CIAT, Kenya
The aim of the research in Migori/Rongo District is to improve the impact of the soybean introduction by 
further collaboration with the farmers involved, thereby enhancing their capacity in experimentation, 
marketing, and processing and finally transferring them the project.  
The work was conducted in seven “zones”, being areas where the soybeans had spread naturally in 
absence of TSBF during 2005. The zones are organized into a Soybean cooperative, called Uriri Soya 
Farmer Cooperative. This approach was discussed in detail in a posted presented on the Highland 
Conference in September 2006 in Ethiopia.  
Choice of zones: The seven zones were divided into two groups in which different R&D approaches were 
tested.  In the first group of 4 zones farmers were invited to collaborate with researchers in the design and 
conduct of agronomic soybean experiments. This approach is further called Collaborative Experiments 
(CE). In the second group of 3 zones, farmers’ representatives were trained in experimentation and then 
sent to their zones to motivate farmers to experiment for themselves with soybean.  This approach is 
further called Farmer Experimentation (FE). The seven zones were divided over the two groups in such a 
way that both would include zones lying close to the main road, zones having political influence of a 
previous chancellor, and very remote zones. This division allows observing how these different categories 
of zones react to the different R&D approaches. 
CE: In this approach, the farmers were involved as equal partners in the whole process of 
experimentation, from problem identification to conduct and data analysis. The major problems identified 
by the farmers for soybean production were labour and input cost. Seasonal calendars indicated planting 
and weeding time as the busiest moments. For those two factors, the different treatments to be tested were 
chosen together. Farmers chose to experiment on 4 to 5 fields per zone, spread as far as possible from 
each other to allow more farmers to learn. Farmers agreed to provide land and labour, while researchers 
provided seeds and inputs. Throughout the season every activity was performed together and the farmer’s 
preferences were assessed during several field days to compare the agronomic output with the farmer’s 
conditions.
201
FE: In this approach everything was left to the farmers. Farmers did not receive any seed or input. They 
were provided booklets with guidelines and monitoring documents. Researchers only visited the fields as 
outsiders and advisors. Farmers were assisted at harvest and crop samples were taken for analysis. 
During the first season of the research, large differences in behavior and response could be noticed 
between the two groups, CE and FE. While the initial motivation of the Collaborative Experiments was 
higher, this motivation fast changed into a demanding attitude and tensions between the farmers and 
researchers. During each meeting farmers involved tried to ask for payments for labour. In contrary, the 
Farmer Experimentation group reacted more positively. Although wondering why the project had not put 
experiment fields in their zones, the farmers were very interested about their own experiments. As 
farmers felt total ownership over the experiments they were not demanding. The only requests of farmers 
were about advice on how to improve their experiments. 
After one season it is too early to conclude on this issue, but it allows to reflect on the relation between 
farmers and researchers. Both approaches try to break down the top-bottom approach often used by 
research. Nevertheless, they are mainly useful for the transfer of technologies which have already been 
tested on station for their agronomic capacities. 
Sustainable promotion and development of soybeans in the farming systems of Kenya: The working 
of strategic alliances 
J. Chianu1, B. Vanlauwe1, O. Ohiokpehai1, N. Sanginga1, and A. Adesina2
1TSBF-CIAT, Kenya; 2Rockefeller Foundation, Kenya 
Soybean was introduced in the farming systems of Kenya many decades ago. However, the crop has 
remained a minor crop despite its great potentials for improving household food and nutrition security 
(through quality food supply), household cash income (through the sales of soybean and soybean 
products), household health (through the provision of high quality protein-rich food), and soil fertility 
improvement (through its atmospheric nitrogen-fixing ability). Literature indicates that low yield, lack of 
knowledge on its utilization, and lack of market are among the key factors that have contributed to lack of 
widespread adoption of soybeans in the farming systems of Kenya. A recent effort based on improved 
dual-purpose promiscuous soybeans varieties sourced from IITA, Ibadan, Nigeria has been commenced 
by TSBF-CIAT and aims at solving the different problems that forestalled the take-off of this crop in the 
past by engendering strategic alliances of all the stakeholders that can contribute in one way or another in 
sustainable promotion and development of soybean in the farming systems of Kenya. 
The objectives of this study are: (1) to understand the missing links that prevented widespread adoption 
and production of soybean in the farming systems of Kenya despite great efforts to promote the crop in 
the past, (2) to search for, contact, discuss with, and prioritize among different stakeholders or partners 
that can contribute towards alleviating missing links that have prevented widespread adoption and 
production of soybean in the farming systems of Kenya, (3) to develop the strategies for all the partners in 
the strategic alliance to work on defined and complementary roles in the new initiative for the promotion 
and development of soybean in Kenya, and (4) make recommendations on plausible strategic alliances for 
future development and promotion of a crop or livestock sub-sector in Kenya. 
This study is being carried out in Nairobi. Literature review and interactions with various stakeholders 
(individual soybean farmers; producer groups; food processing industries; livestock feed industries; 
supermarket operators; farm input suppliers; staff of the Ministries of Agriculture, Trade and Industry, 
Finance, and Planning and Economic Development; staff of the National Agricultural Research Systems 
including research institutes and the Universities; Key informants, etc.) were used to identify the missing 
links that prevented widespread adoption and production of soybean in the farming systems of Kenya 
despite great efforts to promote the crop in the past.  
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Following this, some brainstorming sessions were organized and are used to list the potential partners that 
could be approached for their cooperation in the new initiative for sustainable development and 
promotion of soybeans in the farming systems of Kenya. Appointments to discuss the strategy were made 
with each of the listed partners and decisions taken were documented in minutes of related meetings 
shared with all in attendance at the meetings. 
For the different functions, the following partners (Table 51) have agreed to work with TSBF-CIAT 
(discussions are still going on with other partners) in the strategic alliance for the development and 
promotion of soybean in the farming systems. 
Table 51. Partners to TSBF-CIAT in the strategic alliance for the development and promotion of 
soybeans in the farming systems of Kenya





Kenya Agricultural Research Institute, Kenyatta 
University, Jomo Kenyetta University of Agriculture 
Research institutes 
and Universities 
Producer groups Ebubala Self-Help Group, Tushiauriane Self Help Group, 
Nabongo Panga Self-Help Group, Jitolee Women Group, 
Itako Women Group, Bushe Women Group, Shishebu
Women Group, Masaa Men and Women Group, Eluche 











K-Rep Development Agency Micro-credit 
institution






industries for the 
marketing of 
output





Scaling out and 
scaling up 
Ministry of Agriculture, Ministry of Trade and Industry; 





Farmers’ Own Trading Company and KACE (Kenya 
Agricultural Commodity Exchange) 
NGO
Research funding The Rockefeller Foundation Donor organization 
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Output targets 2008 
? Web content in the BGBD website enhanced to contain data and information on BGBD taxonomy 
and species identification 
Currently four countries participating in the BGBD project namely Brazil, Indonesia, Kenya and Mexico 
have developed their individual websites to complement the global BGBD website http://www.bgbd.net/.   
Content of the sites to be enriched by 2008 once the identities of the different soil biota have been 
confirmed and verified by the individual scientists and the technical advisors. The BGBD project aims at 
having a global synthesis of its results in May 2007 where all the data collected in the project will be put 
together analyzed and global output produced. Portions of the individual country outputs have been 
highlighted in output 1 of this report. The results need to be published according to the project policy 
before it is uploaded on the project website to avoid uploading misleading or unvaried information.   
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Output targets 2009 
? Profitable land use innovations scaled out beyond pilot learning sites through strategic alliances 
and partnerships, and application of alternative dissemination approaches 
Progress towards this output target will be reported next year. 
Output targets 2009 
? At least three capacity building courses on ISFM held by AfNet and MIS 
Output targets 2009 
? Strategies for institutionalization of participatory NRM approaches and methodologies established 
Progress towards this output target will be reported next year. 
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Progress towards achieving output level outcome 
? Strengthened and expanded partnerships for ISFM facilitate south-south exchange of knowledge and 
technologies
Strengthening partnerships is at the core of TSBF-CIAT strategy to promote ISFM and SLM in the 
tropics. Last year, we have restructured AFNET to include regional multidisciplinary teams in Eastern, 
Southern, and West and Central Africa to better coordinate and interact with the growing membership. 
The BGBD project completed its first phase with a successful conference in Manaus where 71 southern 
scientists were able, for the first time, to share results of pioneering inventory work on belowground 
biodiversity.  We have also consolidated the MIS and CONDESAN Consortia in Latin America and have 
started a new partnership initially in Colombia aimed at restoring degraded pastureland. 
AFNET remains the most dynamic and widespread network for linking scientists working on ISFM in 
Africa.  The more than 350 members now benefit from participation in networked long-term experimental 
trials, degree-related training and capacity building activities, as well as more general information 
dissemination (such as on training opportunities and scholarships for young scientists, as well as scientific 
findings and progress in ISFM).  South-south exchange of expertise and findings within the network has 
been visible in the prominent involvement of many AFNET members in the preparation of successful 
proposals for the sub-Saharan African Challenge Program. 
The 3rd annual symposium of the BGBD project, held in Manaus Brazil, provided a forum for the 
exchange of preliminary data on (i) Benchmark area description and socio-economic characterization, (ii) 
Results of the inventory of macro-fauna, (iii) Inventory of nematodes and mesofauna, (iv) Inventory of 
legume nodulating bacteria and arbuscular mycorrhizal fungi (AMF) (v) Inventory of pathogenic and 
antagonistic fungi and insect pests and (vi) Standard methods for the inventory of BGBD.  The innovative 
pan-tropical research activities of this project were evaluated by a team of external reviewers in 2005, 
which has translated into a successful restructuring of the project for the launch of a second phase in 
2006. 
The MIS consortium is very active in advancing the research agenda for the agriculture in Honduras and 
Nicaragua.  The most important achievement has been the strong commitment from partners in Nicaragua 
to disseminate the Quesungual System into the Country.  This is generating very positive synergies 
between the NARS, the academia, regional and national authorities and of course farmers.  Partners of 
MIS were involved in regional workshops and many students have benefited from training that is 
associated with MIS activities.  
The CONDESAN Consortia continues to be a strong partner in the Andes and will be a major vehicle to 
transfer research outputs, particularly related to implementation of schemes for payment of environmental 
services. A new partnership with the regional environmental agency in the Caribbean savannas of 
Colombia, (CVS), the National Research Institution (CORPOICA) and regional Universities (U. Cordoba 
and U. Sucre) as well as organizations of indigenous communities, has made significant progress in the 
rehabilitation of degraded pastureland in the region. Pasture degradation is perceived as a major problem 
in the region.  This partnership with funding from the Colombian Ministry of Agriculture and Rural 
Development will greatly strengthen the capacity of partners to focus on land rehabilitation and will also 
include a large number of students from the region at different project phases.  
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Progress towards achieving output level impact 
? Improved institutional capacity in aspects related to ISFM and SLM in the tropics contribute to 
agricultural and environmental sustainability
By involving the principles of ISFM and SLM in the implementation of the activities of the partnerships, 
we are advancing in reinforcing local and regional capacity to use and disseminate such strategies.  Large 
involvement of students from different disciplines will warrant the continuation of these efforts beyond 
those of the current partnerships.
In particular, AFNET has been highly effective in placing young scientists and building the capacity of 
mid-career scientists in advancing ISFM and SLM within African NARES.  In preparation for the 
upcoming 2007 Symposium, a study will be conducted of the disciplinary and career impacts of AFNET 
members since the network’s inception in the early 1990s.  The impact of the network is already visible in 
the regular successes of AFNET members in securing funding for ISFM and SLM work from major 
donors and initiatives, such as the sub-Saharan African Challenge Program.  The networking of leading 
scientists in various, African agro-ecoregions has already led to significant advances in understanding the 
dynamics of combining organic and inorganic resources, the interaction of water and nutrients in dryland 
conditions, and in conservation agriculture. 
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Output 4 
Improved rural livelihoods through sustainable, profitable, 
diverse and intensive agricultural production systems 
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Output 4: Improved rural livelihoods through sustainable, profitable, diverse 
and intensive agricultural production systems 
Rationale
Intensification and diversification of smallholder agricultural production is needed to meet the food and 
income needs of the poor and cannot occur without investment in natural resource management, 
especially soil fertility.  Investing in soil fertility management is necessary to help households mitigate 
many of the characteristics of poverty, for example, by improving the quantity and quality of food, 
increasing income, and resilience of soil productive capacity. Access to multiple stress-adapted and 
improved crop varieties and multi-purpose legume species, improved soil and water conservation 
practices and improved targeting to different categories of farmers, are a few examples of existing 
interventions.
Investment in improving soil fertility is not constrained by a lack of technical solutions per se but is more 
linked to lack of access to: information for improved decision making and analyzing trade-offs; inputs 
(e.g. fertilizers, credit and improved germplasm) and profitable markets.   
Technical innovation to improve poor people’s agricultural productivity can link the goals of improving 
small farm competitiveness, increasing assets, nutrition and income to the sustainable management of the 
natural resource base. 
Key research questions 
1. Which ISFM options are appropriate, where (farm//landscape), and for which farmers 
(typologies/social capital) to create profitable and resilient agricultural production systems?
2. What are the component and system thresholds for improving resilience of target farming 
systems?
3. Where and under what conditions does market orientation lead to increased investment in 
integrated natural resource management (INRM) and improved livelihoods?
4. What information, resources and knowledge do farmers need for improved decision making?
Highlights
? In a set of demonstration trials in 4 districts in western Kenya, aiming at suppressing Striga 
hermonthica, herbicide-resistant maize (IR-maize) reduced the emergence of Striga, although its 
productivity was observed to be lower than that of the hybrid varieties. The push-pull 
Desmodium-maize intercropping system substantially reduced Striga emergence but only after 2 
seasons. Mucuna-maize rotations led to a substantial reduction in Striga emergence and increase 
in maize grain yield while this was not true for the soybean-maize rotation. In the latter case, 
however, the production of grains for food or sale is certainly going to result in better economic 
returns in the latter treatment. Striga emergence reduced substantially between season 1 and 
season 4 in all treatments, indicating that consistent uprooting of Striga seedlings before 
flowering can gradually decrease its seed-bank. Both male and female farmers appreciated the 
Striga tolerant properties of the IR-maize but less its productivity. Fertilizer application was also 
appreciated, even in terms of Striga tolerance, probably due to better maize growth after fertilizer 
application, even in presence of Striga.
? In response to the need for a high-value cash crop that could be grown and marketed by large 
numbers of small farmers and which could drive their investment in improved soil fertility, the 
exposure of rural households to soybean has been broadened in ways that now enables them to 
participate in the crop’s development in western Kenya. 
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? A three-tier-approach comprising of household-level tier, community-level tier, and the tier on 
linking producers with large-scale feed and food processing companies has been used to 
sustainably promote soybean in the farming systems of Kenya. A simple adaptation is what is 
required to use it to promote any other agricultural enterprise. 
? Although the number of agro-input dealers in Kenya is still small relative to the rural population, 
there has been a steady increase ranging from 2% for seed treatment chemicals to 22% for 
mineral fertilizers with a mean of about 16% from 2003 to 2005. 
? Results from a survey of grain traders in western Kenya showed that altogether, 16 different 
grains were found across the markets, the most common (in terms of number of traders selling it) 
being millet (31% traders), sorghum and rice (27% each) among the cereals and common beans 
(22%), soybean (18%) and groundnut (17%) among the grain legumes. 
? Various studies in east and southern Africa have shown that linking farmers to markets can lead 
to increase investments in natural resource management, if innovative agricultural technologies 
that meet the specific needs and constraints of different wealth and gender groups are developed. 
? Active involvement of stakeholders in the design of the NRM system points to ways of tightening 
the nutrient cycle, for example, in relation to women’s management of small livestock, and the 
use of multipurpose legumes and dual purpose barriers as sources of biomass for soil fertility, 
livestock feed, fuel and fencing. 
? In Zimbabwe, increases in crop yields, %N fixation and, N balance and residual fertility in 
cotton-cowpea intercropping systems showed that this could be a potentially productive system 
that can easily fit into the current smallholder farming systems under rain-fed conditions. 
? Results from a household nutrition and health situation in Mbita division, Suba district, Kenya 
with the aim of developing a comprehensive program for intervention using soybean-enriched 
diets in the management of HIV/AIDS, indicated that the diets of the children were inadequate for 
the majority of the households. Vital statistics from Suba district indicate high mortality rates of 
147/1000 and 247/1000 for infants and children under the age of five, respectively. Also, there 
was a high prevalence of diseases among the children and in the households in general.  
? Household socioeconomic and demographic characteristics in Mbita division, Suba district, 
Kenya showed that over 30% of the study population was children under-five, followed by those 
in the 16-25 age-ranges (23%). The average household size was confirmed to be 4.8. Overall, the 
study area has young population with 92% falling between 0-36 years, an indication of low life 
expectancy and females (53.9%) constituted more than half of the total household members 
(n=1278), while males constituted 46.1%. The study also revealed high level of unemployment 
rate in the study area, with 17.1% involved in unpaid employment. Finally the majority of the 
households fall within the low SES with deepening poverty background depicted by low 
educational achievement, occupational status and small land holding acreage.
? The food situation and nutritional status of children aged 6-9 years old from HIV/AIDS affected 
areas of Suba District, Kenya showed that in Sindo primary school 98.1% were female while 
1.9% were male. The guardians/parents of children in Sindo primary school are engaged in small 
businesses (56.6%) and 13.2% are in temporary employment. Those that were unemployed 
comprised of 26.4% and the self employed 1.9%.  These results are different in Ongayo primary 
school where a big number of parents (73.2%) are unemployed, 8.9% are in temporary 
employment while 17.9% run small businesses.   
? The issues of HIV prevalence, household food/nutrition security, and quantity and quality food 
supplies led to land use practices that degrade the soil fertility in the areas of catchment. But it 
was shown that intercropping amaranth and soybeans improved it, thus increasing plant nutrition. 
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? Farm-level analysis of trade-offs between soil fertility management alternatives is required to 
improve understanding of complex biophysical and socio-economic factors influencing decision 
making in smallholder farming systems and to identify opportunities for improving resource use 
efficiency. 
? Models for analyzing farm-level trade-offs and scenario analysis has shown that decision support 
tools can be used to analyze impacts of changes in production on labor requirements, income 
investments and impacts on food and nutrition security.  
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Output target 2007 
? Crop-livestock systems with triple benefits tested and adapted to farmer circumstances in hillsides 
Published work 
Delve, R.J1, Chitsike, C2, Kaaria, S3, Kaganzi, E3, Muzira, R3. and Sanginga, P3. (2006). 
Smallholder farmer-market linkages increase adoption of improved technological options 
and NRM strategies. In: Amede, T4, German, L5, Opondo, C6, Rao, S7. and Stroud5 (eds). 
2006. Integrated natural resource management in practice: Enabling communities to 
improve mountain livelihoods and landscapes. Proceedings of a conference held on October 
12-15, 2004 at ICRAF-Headquarters, Nairobi, Kenya. Kampala, Uganda: African 
Highlands Initiative 
1TSBF-CIAT, Zimbabwe; 2Private Consultant, South Africa; 3CIAT Africa, Uganda; 4TSBF-CIAT, c/o 
ILRI, Addis Ababa;5AHI, Kenya;6Dominion Farm, Kenya; 7ICRAF, Kenya 
Abstract: The paradigm of involving farmers in research is based on strong evidence that enhancing 
farmers technical skills and research capabilities, and involving them as decision-makers in the 
technology development process results in innovations that are more responsive to their priorities, needs 
and constraints. Linking the technology development process to market opportunities has the potential to 
promote links between investment in natural resources, markets, and adoption of technologies.  Market 
orientated agriculture for reducing poverty and environmental degradation needs to centre on three related 
paradigms; strengthening biological processes in agriculture (to optimise nutrient cycling, minimize 
external inputs and maximize the efficiency of their use); building farmer’s capacities (to learn and 
innovate focused on improving livelihoods and the management of natural resources); and developing 
forward and backward linkages (between natural resources, production and markets).  Starting with 
identification of market opportunities, natural resource management (NRM) issues are often raised during 
the process, for example, investment in soil fertility, leading to an iterative cycle of participatory action 
research with communities.  In a multi-stakeholder coalition, CIAT and its partners are working in Malawi, 
Mozambique, Tanzania and Uganda to explore and understand how market orientation leads to improved 
NRM at the farm level. This paper uses case studies from Kabale in south western Uganda to highlight and 
discuss examples where identifying potential markets for existing and new products has led to increased 
investment in NRM and how developing innovative agricultural technologies that meet the specific needs 
and constraints of different wealth and gender groups leads to improved livelihoods. This active 
involvement of stakeholders in the design of the NRM system points to ways of tightening the nutrient 
cycle, for example, in relation to women’s management of small livestock, and the use of multipurpose 
legumes and dual purpose barriers as sources of biomass for soil fertility, livestock feed, fuel and fencing.
Rusinamhodzi, L1, Murwira, H.K1, and Nyamangara, J2. 2006. Cotton-cowpea intercropping and 
its N2 fixation capacity improves yield of a subsequent maize crop under Zimbabwean rain-fed 
conditions. Plant and Soil 287: 327-336 
1TSBF-CIAT, Zimbabwe; 2Dept. of Soil Science and Agriculture, University of Zimbabwe 
Abstract: Intercropping cotton (Gossypium hirsutum L.) and cowpea (Vigna unguiculata (L.) Walp)  is 
one of the ways to improve food security and soil fertility whilst generating cash income of the rural poor. 
A study was carried out to find out the effect of cotton-cowpea intercropping on cowpea N2-fixation
capacity, nitrogen balance and yield of a subsequent maize crop. Results showed that cowpea suppressed 
cotton yields but the reduction in yield was compensated for by cowpea grain yield. Cowpea grain yield 
was significantly different across treatments and the yields were as follows, sole cowpea (1.6 Mg ha-1),
1:1 intercrop (1.1 Mg ha-1), and 2:1 intercrop (0.7 Mg ha-1). Cotton lint yield was also significantly 
different across treatments and was sole cotton (2.5 Mg ha-1), 1:1 intercrop (0.9 Mg ha-1) and 2:1 intercrop 
(1.5 Mg ha-1).
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Intercropping cotton and cowpea increased the productivity with land equivalence ratios (LER) of 1.4 and 
1.3 for 1:1 and 2:1 intercrop treatments respectively. There was an increase in percentage of N fixation 
(%Ndfa) by cowpea in intercrops as compared to sole crops though the absolute amount fixed (Ndfa) was 
lower due to reduced plant population. Sole cowpea had %Ndfa of 73%, 1:1 intercrop had 85% and 2:1 
intercrop had 77% while Ndfa was 138 kg ha-1 for sole cowpea , 128 kg ha-1for 1:1 intercrop  and 68 kg 
ha-1 for 2:1 intercrop and these were significantly different . Sole cowpea and the intercrops all showed 
positive N balances of 92 kg ha-1 for sole cowpea and 1:1 intercrop, and 48 kg ha-1 for 2:1 intercrop. 
Cowpea fixed N transferred to the companion cotton crop was very low with 1:1 intercrop recording 3.5 
kg N ha-1 and 2:1 intercrop recording 0.5 kg N ha-1. Crop residues from intercrops and sole cowpea 
increased maize yields more than residues from sole cotton. Maize grain yield was, after sole cotton (1.4 
Mg ha-1), sole cowpea (4.6 Mg ha-1), 1:1 intercrops (4.4 Mg ha-1) and 2:1 intercrops (3.9 Mg ha-1) and 
these were significantly different from each other. The LER, crop yields, %N fixation and, N balance and 
residual fertility showed that cotton-cowpea intercropping could be a potentially productive system that 
can easily fit into the current smallholder farming systems under rain-fed conditions. The fertilizer 
equivalency values show that substantial benefits do accrue and effort should be directed at maximizing 
the dry matter yield of the legume in the intercrop system while maintaining or improving the economic 
yield of the companion cash crop.
Delve, R.J1, Gonzalez-Estrada, E2, Dimes, J3, Amede, T4, Wickama, J5, Zingore, S1 and Herrero, 
M2. (2006). Evaluation of a farm-level decision support tool for trade-off and scenario analysis for 
addressing food security, income generation and NRM. In: Amede, T4, German, L6, Opondo, C7,
Rao, S8. and Stroud5 (eds). 2006. Integrated natural resource management in practice: Enabling 
communities to improve mountain livelihoods and landscapes. Proceedings of a conference held on 
October 12-15, 2004 at ICRAF-Headquarters, Nairobi, Kenya. Kampala, Uganda: African 
Highlands Initiative.
1TSBF-CIAT, Zimbabwe; 2ILRI, Kenya; 3ICRISAT, Zimbabwe; 4TSBF-CIAT, c/o ILRI, Addis Ababa; 
5ARI, Zimbabwe; 6AHI, Kenya;7Dominion Farm, Kenya 8ICRAF, Kenya  
Abstract: Resource-poor farmers face difficult decisions over the use of scarce nutrient sources in crop-
livestock production systems. A better understanding of the comparative values and trade-offs in the use 
of land, labour, manures and other locally available resources is required in order to increase the 
production and efficiency of mixed crop-livestock systems. While efforts are required to expand our 
knowledge of the biophysical aspects of alternative uses of organic nutrient sources, similar efforts are 
also required on the socio-economic driving forces behind farmers' decision making. The approach uses 
trade-off analysis, partial budgeting and multiple goal linear programming to identify management 
options to address farmers production criteria and overcome their constraints. This evaluation includes 
both the short and longer-term economic and environmental benefits. From the social and economic 
viewpoint, organic resources can be identified that could substitute for mineral fertilizers in areas where 
fertilizers are not affordable.  From an environmental aspect, management practices could be identified 
that results in fewer nutrient losses and could rebuild or maintain the soil resource base. 
A multi-stakeholder coalition has been working in Ethiopia, Tanzania, Zimbabwe and Uganda and has 
successfully developed a decision support tool (DST) to explore these different trade-offs and scenarios 
based on smallholder farmers existing practices and opportunities.  This paper uses case studies from AHI 
benchmark sites in Lushoto, Tanzania and Areka, Ethiopia to discuss the potential of the DST for 
improving farmers and development partners decision making to achieve food security, increase farm 
income, increase returns to land and labour and maintaining sustainable production. 
Examples to be presented will investigate scenarios and trade-offs for three different wealth categories per 
site and for different areas of the farm with varying soil fertility levels, for example: 
? Land allocation – which crops to which land 
? Efficiency of fertilizer use – when to apply, where to apply it in the rotation, how much 
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? Labour constraints – when to weed, when to apply manures 
? Investment options: capital allocation - livestock versus crop enterprises, labour allocation - 
farm and non-farm 
? Appropriate use of crop residues in mixed systems 
? Integration of legumes into the system 
Completed work 
Farmers’ participatory evaluation of a community-based learning process: “Strengthening Folk 
Ecology” for integrated soil fertility management in Western Kenya  
J. J. Ramisch1 and M. T. Misiko2
1TSBF-CIAT; 2Wageningen University, Netherlands 
Farmers and researchers in western Kenya have used community based learning approaches to jointly 
develop a “dynamic expertise” of integrated soil fertility management (ISFM).  This approach builds on 
farmers’ “folk ecology” and outsiders’ knowledge, taking action research on natural resource 
management beyond methods that are descriptive (ethnopedology) or curriculum-driven (farmer field 
schools).  The paper presents and analyses experiences from the on-going participatory monitoring and 
evaluation of the Strengthening “Folk Ecology” project to document and critique the community-based 
learning process and its sustainability.  Issues include the trade-offs and tensions between science and 
action-oriented research as well as the true potential of participatory methods for “leveling” power 
relations between different actors.
Three categories of learning outputs are addressed: a) farmers and researchers learning from experimental 
results themselves, b) farmers’ learning from the experimentation process, and c) researchers’ learning 
from the experimentation process. 
a) Evaluating research results. Activities have been conducted every season (long and short rains) from 
2002-2005.  Topics addressed in collective experiments included organic resources, inorganic inputs, 
cereal – legume rotations, indigenous vegetables.  The diversity of follow-up activities at collective and 
individual levels  
Observations on farmers’ experiments: In many cases, the over-simplified experimental design initially 
preferred by the project undermined the scientific rigor of findings without actually improving clarity for 
farmers.  This allowed for many conflicting interpretations of results, which (for example) confounded 
local characteristics and land-use history with treatment effects.  Farmers and researchers both felt that 
there was a need to include more farms as replicates in collective experiments to improve the chances that 
findings could be compared across sites.  In all the study sites, farmers’ data collection abilities were quite 
strong; when these quantitative skills were combined with participatory evaluations it proved to be a 
powerful learning tool. Individual experiments were carried out in three different modes: Verifying / 
validating the findings of collective experiments, modifying technologies to fit new uses, and adapting the 
technologies to become more convenient or easier to operationalise in the local context.  Farmers reported 
increased confidence in the dynamic expertise that emerged from their collective and individual 
experiments (which included the use of organic and inorganic inputs, cereal-legume rotation, the role of 
different soil nutrients and deficiencies, and ISFM for indigenous vegetables).  Many technologies outside 
of ISFM were considered by farmers as part of the “Folk Ecology” project, including Striga control, soil 
and water conservation, and aspects of crop husbandry or agronomy such as row planting beans (formerly 
only broadcast).  Finally, some farmers had developed erroneous assumptions from their participation, 
treating experimentation as a “demonstration” of good options (e.g. Stover as a beneficial soil input when 
it had been included in experiments as a low quality material against which to test high quality ones). 
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b) Farmers evaluating research process. At the participatory evaluation session held in June 2005, farmers’ 
groups made comments on the following topics: Communication and feedback, Incentives to participate, 
Group politics, and Scaling up impacts.  Most groups are also now re-baptizing “Folk Ecology” project 
with local names.  To facilitate better learning from experimental results farmers insisted that there be a 
much faster feedback of data, test results (i.e. of soil and biomass), and of the photos and certificates that 
were promised by researchers.  Other farmers were also faulted for lagging in the sharing of knowledge 
they gained from study tours, as well as the results of their individual experiments.  Among the incentives 
to participate, many mentioned the idea of setting targets and goals (through organised competitions and 
prizes).  Other problems included the failure of participants to honour their commitments (e.g. times and 
dates of activities), the need to “cost share” on onerous tasks (with payment or at least provision of 
lunches or sodas).  Participants were also angered that researcher-designed trials employed outsiders as 
the day labourers when local labour could have been used.  Some commentators also wanted the farmers’ 
evaluations of the researchers to be included in the commendation (or sanctioning!) of researchers by 
CIAT (e.g. included in our Annual Assessments). 
Other comments expressed strong desires for test crops to be broadened beyond maize to include other 
local staples (millet, sorghum, cassava) as well as local vegetables.  Insistence on the importance of local 
soil types also means extending test sites (and replication) to include this variable. Seed bulking remains a 
priority activity for farmer groups (and individual experimenters). 
c) Researchers evaluating research process. All the project activities are now linked explicitly to a 
phasing out of activity (end date = 30 June, 2008). This guides everything from building capacity for 
experimentation to establishing seed supply, group financing strategies, and links with support personnel. 
Self-organization and funding is being promoted with proposals to local NGOs, marketing and credit 
activities. It was observed that despite its complexity, soil fertility management is actually a good “entry 
point” for participatory research and has promoted a wide range of learning and empowerment.  The 
group-based approach does seem to use (and reinforce?) selective pathways of communication and 
learning, and may not adequately address the most vulnerable community members. The top-down 
extension model is deeply entrenched both in farmers’ and researchers’ attitudes (and follows the flow of 
resources in this and most other TSBF projects); “scientized” language remains a marker of status in 
many of the interactions. More attention needs to be paid to learning from the group members who have 
“opted out” of formal involvement.   
The potential of Ipomoea stenosiphon as a soil fertility ameliorant in Zimbabwe  
T. Mombeyarara1, H. K Murwira1 and P Mapfumo2
1TSBF-CIAT, Zimbabwe; 2CIMMYT, Zimbabwe 
There is potential for smallholder farmers in Zimbabwe to use locally available plant resources. The 
challenge is to identify those with high nutrient concentrations and large amounts of above ground 
biomass. Ipomoea stenosiphon (Hall) A. Meeuse, a plant species indigenous to Zimbabwe, is currently 
being used by farmers in Ngundu (semi-arid) and this study builds on farmers’ current knowledge. The 
aim of this study was to determine its variation in shoot nutrient concentrations with respect to soil type, 
its mineralisation potential and effect on maize productivity. Ipomoea stenosiphon growing on clayey 
soils had significantly higher shoot N concentration of 43 g N kg-1 compared to 11 g N kg-1 on sandy soils 
(P<0.001). The highest shoot P concentration of 4.6 g kg-1 was recorded in plants growing on clayey soils 
and was significantly higher than a  concentration of  2.5 kg P kg-1 measured on a  sandy soil (P<0.05). 
Shoot K concentration ranged from 1.5% in sandy soil to 4% in clayey soil, with significant differences 
among different soil types (P<0.05). Above ground biomass production from all the three soil types was 
significantly different (P<0.05) with clay having the highest biomass production of 12.3 t ha-1 and least 
amount was from sandy soils (2.6 t ha-1) in natural stands. Laboratory incubation of I. stenosiphon shoot 
biomass showed its superior N mineralisation over several agroforestry species that included Cajanus
cajan, Lablab purpureus, Macroptilium atropurpureum and Leucaena diversifolia (P < 0.05) but was 
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inferior to Leucaena leucocephala and Acacia angustissima because of their higher N content of 3.23% 
and 3.03% respectively, compared to 2.27% for I. stenosiphon. Field evaluation in Ngundu and Shurugwi 
showed average maize yield increases of 3 and 4 t ha-1 respectively after application of I. stenosiphon
biomass at 75 kg N ha-1. These yields showed N fertilizer equivalences of 81% and 86% in Ngundu and 
Shurugwi respectively. Corresponding P fertilizer equivalence values ranged from 85% to 107% when 15 
kg P ha-1 of I stenosiphon biomass was used. The study showed the high capacity for acquisition and 
accumulation of soil nutrients in I. stenosiphon biomass. The plant could be used as a soil ameliorant in 
biomass transfer systems but there is a danger of long term nutrient mining that requires further research. 
Evaluation of resource management options for smallholder farms using an integrated modelling 
approach
S. Zingore1, E. Gonzalez-Estrada2, R.J. Delve1, and K.E. Giller3
1TSBF-CIAT, Zimbabwe; 2ILRI, Kenya; 3WUR the Netherlands
Farm-level analysis of trade-offs between soil fertility management alternatives is required to 
improve understanding of complex biophysical and socio-economic factors influencing decision 
making in smallholder farming systems and to identify opportunities for improving resource use 
efficiency. A farm characterization (IMPACT) tool linked to a generic (Household) optimisation 
model was used to evaluate resource use on farms in contrasting wealth categories in Zimbabwe 
for the 2002/2003 cropping year. The Household model optimised farm’s gross margins taking 
into account productivity of crops and livestock, off-farm activities and food sufficiency. 
Alternatives for management of nutrient resource were simulated using APSIM for the crop 
production and RUMINANT for the livestock component. The output from the simulation 
models was fed into the Household model and evaluated within the biophysical and socio-
economic boundaries of the farms. Analysis of the performance a poor farm by IMPACT 
produced a yearly negative net cash balance of US$ -7, mainly due to negative returns from the 
cropping system.  
The farmer relied on donated food and fertilizers. The cash balance was negative, even though she also 
sold labour to generate income. The net income balance on the poor farm would be increased to US$81 
and N balance from 7 kg ha-1 to 10 kg ha-1 by expanding the area allocated to groundnut from the current 
5% to 31%. This would, however, generate a huge demand in labour (46-man days more) and reduce the 
P balance from 0 to -1 kg ha-1. Maize would be managed more efficiently on the poor farm by cultivating 
a smaller, well-managed area. A wealthy farm under a maize-dominated cropping system had a net cash 
balance of US$210, mainly from sell of crop products. Under current resource management, the net cash 
balance would be increased to US$290 by optimisation of diet. The net cash balance for the wealthy farm 
would be further increased to US$448, and nutrient balances by 271 kg N ha-1 and 30 kg P ha-1 by 
expanding the management strategy where maize was grown with a combination of cattle manure and 
ammonium nitrate. To do this, the farmer would need to source more manure (or improve capture and the 
efficiency with which nutrients are cycled through manure) and invest in 110 man-days extra labour. 
Expansion of the area grown to groundnut without fertilizer inputs to a third of the farm reduced net cash 
balance by US$11 compared to the current crop allocation due to poor groundnut yield. This also 
increased labour demand by 155 man-days. Groundnut intensification on the wealthy would be more 
economical and labour-effective if a small area is grown with basal fertilizer. Despite reducing nutrient 
balances for the arable plots, feeding groundnut residues to lactating cows increased net cash balance for 
the current year through increased milk production.  
Promoting the adoption of conservation agriculture approaches in smallholder farming areas of 
Zimbabwe (Madziwa and Wedza projects) 
Rusinamhodzi, L.1, Mombeyarara, T1 and R.J. Delve1
1TSBF-CIAT, Zimbabwe 
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Conservation agriculture (CA) is a way to improve the livelihoods of millions of people and achieve 
sustainable agriculture over a wide area. It has shown promise in Africa where farming communities are 
perennially faced with problems of low yields, low fertility, lack of capital and labour shortages mainly 
attributed to the AIDS scourge. Soil fertility depletion, land degradation and drought, exacerbated by soil 
tillage and tillage-induced soil erosion, are major threats to food security and the sustainable 
intensification of agro-ecosystems. The principles of CA are minimum soil disturbances, crop residue 
retention and either crop rotation or intercropping. These principles are thought to improve soil fertility, 
production of more food, using less labour at a lower cost. Farmer managed demonstration plots on CA 
approaches were established starting 2006-07 seasons in the target communities. In Madziwa, three 
approaches are being compared and these are; mulch ripping, direct seeding with residue retention and 
conventional ploughing with no residue retention in maize and soyabean based systems. Maize is the 
staple food of most of people in East and Southern Africa while soyabean is becoming a very important 
cash crop. These approaches will be adapted each season based on experiences and feedback from 
farmers. We hope that resource poor farmers who are the ultimate beneficiaries, will benefit from more 
stable and productive systems that help conserve the resource base, and that are less costly, allowing the 
family to engage in additional economic activities. Women are likely to benefit from reduced labor 
requirements for the production of staple grains. Government scientists and extension workers, and other 
research and development specialists will broaden their knowledge base of experience on impact-oriented 
research on conservation agriculture and natural resource management. We also hope to define farmer 
recommendation domains based on land types, agro-climatic regions, livestock ownership or other 
criteria.
Output target 2007 
? Strategies of BGBD management for crop yield enhancement, disease control, and other 
environmental services demonstrated in seven tropical countries participating in the BGBD project 
Progress towards this output target will be reported next year. 
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Output target 2008 
? Improved production systems having multiple benefits of food security, income, human health and 
environmental services identified 
Published work 
Chianu1, J., Vanlauwe1, B., Mukalama1, J., Adesina2, A., Sanginga1, N. (2006) Farmer evaluation 
of improved soybean varieties being screened in five locations in Kenya: Implications for 
research and development. African Journal of Agricultural Research Vol. 1 (5): 143–150. 
1TSBF-CIAT, Kenya; 2Rockefeller Foundation, Kenya 
Abstract: In order to determine the improved soybean varieties that if recommended to the farmers would 
have a high probability of adoption, a farmer participatory approach was used to evaluate 12 soybean 
varieties at full podding in five locations (Oyani, Riana, Kasewe, Akiites, and Mabole) in western Kenya. 
These comprise of 11 improved varieties (TGx1871-12E, TGx1895-4F, TGx1895-33F, TGx1895-49F, 
TGX1878-7E, TGx1893-7F, TGx1893-10F, TGx1740-2F, TGx1448-2E, NAMSOY 4m, and MAKSOY 
1n) and one local variety (Nyala). Farmers generate all the 17 criteria for use in the evaluation, with 
researchers only facilitating. One hundred and two farmers (52% females) participated in the evaluation. 
A scoring matrix was employed to articulate the results. Data analysis was done using Microsoft Excel. 
This paper shows that of the seven dual-purpose varieties tested in all the five locations, only TGx1740-
2F was acceptable in all. Some varieties were acceptable in specific locations: TGx1895-49F in Oyani,
Nyala in Kasewe, TGx1448-2E Akiites, and TGx1893-7F in Mabole. This result shows that to avoid low 
adoption, a blanket recommendation of varieties that were accepted only in selected locations must be 
avoided. TGx1740-2F was the only variety that could be recommended across locations and that was 
clearly better than the existing farmers’ own variety, Nyala.
Mbanasor Jude, A. and Chianu, J.N. (2006). Efficiency of indigenous poultry feed production 
enterprises in Abia State, Nigeria. International Journal of Poultry Science 5 (5): xx-xx. 
1Federal University of Agriculture, Umudike, Nigeria; 2TSBF-CIAT, Kenya 
The determination of efficient production levels for indigenous poultry feed production enterprises, given 
the existing technology is necessary to examine alternative options to increase productivity. If producers 
are not making efficient use of existing technologies improving their efficiency is usually more cost-
effective than introducing new technology. This paper examines the technical efficiency of the indigenous 
poultry feed production enterprises in Abia State, Nigeria. A stochastic Trans-log production frontier with 
technical inefficiency effect model is specified and estimated. The estimated mean technical efficiency of 
the 120 enterprises in the sample is 78%. Also the test of full technical efficiency for the enterprises is 
rejected; hence there is presence of inefficiency in the production activities of the enterprises in the study 
area. The outstanding variable affecting technical efficiency of the enterprise is experience. However, as 
indigenous poultry feed producers in Abia State, Nigeria have attained a high level of technical efficiency 
under existing technology; the introduction of new technology is a key to raising the productivity of the 
enterprise. The modernization of processes involved provides a promising new technology to raise the 
productivity of the enterprise. 
Completed work 
Soybean: a new role in western Kenya. Highlights – CIAT in Africa, No. 35 June 2006.  
J. N. Chianu1 and B. Vanlauwe1
1TSBF-CIAT, Kenya 
Soybean (Glycine max) is an annual legume crop grown in Kenya. It was introduced from Uganda as 
early as 1904 and although it has been promoted by various national and international organizations over 
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the years, it still remains a minor crop in the farming systems throughout the country. This initiative, 
recently catalyzed by TSBF-CIAT, aims to broaden the exposure of rural households to soybean in ways 
that enable them to participate in the crop’s development in western Kenya. This was a response to the 
need for a high-value cash crop that could be grown and marketed by large numbers of small farmers and 
which could drive their investment in improved soil fertility. Project partners are the Kenya Agricultural 
Research Institute, Kenyatta University, the Lake Basin Development Authority, the Kenya Forestry 
Research Institute, the International Maize and Wheat Improvement Centre (CIMMYT), and the 
International Institute for Tropical Agriculture (IITA). 
The new initiative aims to: (i) capture and hold the interest of farmers in soybean through an information 
campaign (to dispel unfounded myths and emphasize its benefits), and (ii) create a desire amongst farmers 
to process and consume soybean in different forms through training in processing. Underlying this 
approach is the need to promote and encourage sustainability in the soybean industry in the region 
through encouraging community-based seed production, improving links with the private seed sector, and 
providing training in seed storage and marketing.
A model for promoting a versatile crop that has remained minor: the case of soybean in Kenya. 1 
Prize Award Winning poster. GFAR-2006 Poster Competition. Evidence-based contributions of 
ARD to the Millennium Development Goals (MDGs), New Delhi, India. 
Chianu, J. N1, Ohiokpehai, O1, Vanlauwe, B1, Okoth, P1, Roing K1, Adesina, A2, Naidoo, P3,
Opondo, J4, and N. Sanginga1
1TSBF-CIAT, Kenya; 2Rockefeller Foundation, Kenya; 3Kenyatta University, Kenya; 4Dominion Farm, 
Kenya
Soybean is an important food, feed, oil and cash crop in the world. As a legume, it also fixes atmospheric 
nitrogen, thereby helping to improve soil fertility saving on farmer investment in mineral fertilizers. 
Efforts to promote it in sub-Saharan Africa led to mixed results with successes in Nigeria and Zimbabwe 
and failures in Kenya due to several reasons including (i) lack of awareness on processing/utilization, (ii) 
low yield, (iii) lack of market and policy support, and (iv) low prices. This paper uses the understanding 
of reasons for successes in Nigeria and Zimbabwe and for failures in Kenya to create a model called 
‘three-tier-approach’ for sustainable soybean promotion in Kenya. This model is about intervening at 
household level, community level, and linking soybean producers with large-scale feed and food 
industries that use soybean for manufacturing but presently import large quantities of soybean used for 
manufacturing. Results show that the model has increased the confidence of farmers to produce soybean 
for home consumption and the market. Thousands of farmers’ groups, their networks, and individual 
farmers are presently benefiting from this approach and are beginning to take advantage of all the benefits 
(food, feed, oil, cash crop, soil fertility improvement, etc.) of soybean. The organization of all 
stakeholders in a strategic alliance to strengthen the model is yielding numerous benefits (e.g., increase in 
income, availability of credit for farm inputs, availability of farm inputs, assurance of market at mutually 
agreed prices, ready availability of market information, public private partnership). The paper concluded 
by recommending the three-tier model supported by appropriate institutions, policies and strategic 
alliances for sustainable promotion of important crops such also soybean in Kenya and similar 
environments. 
Feeding Patterns and Practices among Households With Children Aged 6-59 Months In Mbita 
Division, Suba District, Kenya 
O. Ohiokpehai1, J. Kimiywe2, P. Naidoo formerty of Rockefeller3, A. Adesina4 and N. Sanginga1
1TSBF-CIAT, Kenya; 3 4Kenyatta University; 4Rockefeller Foundation
The growth patterns of children are reflective of community nutritional status and food security, which is 
measured in terms of food consumption patterns and practices, availability and accessibility. Vital 
statistics from Suba district indicate high mortality rates of 146.9/1000 and 247/1000 for infants and 
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under fives respectively. The expected HIV cases are also estimated at 41% of the reproductive 
population. The purpose of this study therefore was to conduct a baseline survey on the nutrition and 
health situation in Mbita division, Suba district, with the aim of developing a comprehensive programme 
for intervention using soybean-enriched diets in the management of HIV/AIDS. To achieve this, the 
following objectives were formulated; to establish the food consumption and utilization practices in the 
households; determine food production patterns and practices; determine food accessibility and 
availability, and to investigate the morbidity patterns of households and children. The survey was 
conducted in three locations namely Gembe West, Gembe east and Rusinga West. 265 households, 162 
from township, 50 from Kayanja and 53 from Kaswanga were interviewed. Food frequency and 24-hour 
recall were used to collect data on household and children’s food consumption patterns and practices. A 
structured questionnaire was used to collect data on feeding and childcare practices and household 
morbidity patterns. To access food availability and accessibility, respondents were asked questions on 
methods of food acquisition and production patterns. The study findings were verified by information 
from key informant focus group discussions and from observational checklist. Results indicated that the 
diets were inadequate for the majority of the households. Most households depended on fishing and very 
few practiced subsistence farming, most of the foods consumed were therefore purchased. Some families 
resorted to food for work and donations because of insufficient incomes.  
There was also a high prevalence of diseases among the children and in the households in general. The 
common illnesses reported were malaria, upper respiratory tract infections, stomach-ache and 
diarrhea/typhoid among others. An in-depth study should be conducted in Suba District in order to 
determine the magnitude of malnutrition and rate of morbidity and its relationship to the prevalence of 
HIV/AIDS, and the causes and consequences of these on the socio economic status of the individuals in 
the community. This will facilitate in the planning of viable intervention programmes, which should 
involve all the relevant stakeholders 
Socioeconomic and Demographic Profiles of Households with Children Aged 6-59 Months, Mbita 
Division, Suba District 
O. Omo1 ,J. Kimiywe2 ,J. Chianu1 , D. Mbithe1 , N. Sanginga1 .  
1TSBF-CIAT,Kenya; 2Kenyatta University, Kenya 
Household socioeconomic and demographic characteristics have been shown to have significant influence 
on nutrition and health status outcome. Their role in nutrition and health status of individuals infected or 
in households affected by HIV cannot therefore be ignored.  Several studies and scientific literature have 
identified socioeconomic status (SES) as powerful determinant of health status. In fact today, health 
disparities as a result of SES have become important issues of public health concern worldwide. Higher 
morbidity and mortality among people with lower SES has been extensively reported. Moreover, 
household SES has been shown to have great influence on the nutritional quality of children’s diet in turn 
affecting their nutrition status. The survey was carried out to establish the socioeconomic and 
demographic characteristics of households with children aged 6-59 months in Mbita Division Suba 
District. A Descriptive Cross-sectional survey study was conducted in three sub locations. Also a pre-
tested structured questionnaire was administered in 265 households with a child aged 6-59 months 
inclusive. Verbal consent was sought before the questionnaire was administered. Data obtained was 
coded, edited and statistically analyzed using SPSS software. Over 30% of the study population was 
children under-five, followed by those in the 16-25 age-ranges (23%). The average household size was 
4.8. Overall, the study area has young population with 92% falling between 0-36 years, an indication of 
low life expectancy. Females (53.9%) constituted more than half of the total household members 
(n=1278), while males constituted 46.1%. A large proportion of the households were male headed 
(87.2%) compared to 12.8% headed by females. Thirty nine percent of the households belong to the 
protestant religion, followed by Seventh Day Adventists (36.1%).  Literacy level in the study population 
was relatively low, 56% has primary education, < 18% and 5% secondary and tertiary education 
respectively. The study also revealed high level of unemployment rate in the study area, with 17.1% 
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involved in unpaid employment. Finally the majority of the households fall within the low SES with 
deepening poverty background depicted by low educational achievement, occupational status and small 
land holding acreage. Attention to education and poverty alleviation programs might assist in curbing the 
possible negative effects associated with low SES on the nutrition and health status of members of such 
households.
Work in progress 
Collaborative Experiment on INPUT cost and LABOUR Reduction for Soybean Production 
I. Vandeplas1, S. Deckers2 , J. Mukalama1 and B. Vanlauwe1
1KULeuven, Belgium, TSBF-CIAT; 2KULeuven, Belgium; 1TSBF-CIAT, Kenya 
Through collaboration between farmers and researchers an experiment was designed to look at different 
methods to reduce input cost and labour for soybean production. The experiments were conducted in 4 
“zones” of Migori/Rongo district in the south of Nyanza Province in Kenya. The aim of this research was 
to identify alternative methods of soybean production that could better fit different types of farmers, 
depending on their availability of cash and labour forces. 
The experiments were conducted in 17 fields, chosen by farmers to be spread as much as possible to reach 
more farmers. A split-plot design was used (with factors ‘labour’ and ‘input’) of 19-24 plots of 8x8m to 
10x10m depending on the available space. Soybean was planted in all but two plots (maize for future 
rotation references) at 45cm x 5cm distance. Treatments chosen for labour were point-placing (L), drilling 
at correct distance in a trench (T), and broadcasting (BC) with one (1) and two (2) times weeding. The 
input treatments included in all fields DAP, ½ DAP and ½ manure, full manure, no input and were 
complemented with different alternative inputs as Tithonia, ashes, ½ ashes ½ manure. The inputs were 
applied at a rate of 20kg P ha-1. Farmers agreed to provide land and labour while researchers would 
provide seeds and inputs. The harvest remained with the farmers. The soybean variety NAMSOY (short 
maturing) was used, planted in September and harvested in December-January due to the delayed rains. 
Analysis included soil, hours worked, cost, N-fixation, biomass production and yield. Throughout the 
season the farmer’s preferences were assessed during field days to be compared with the agronomic 
output.  
At present, agronomic data are not yet available. Interesting results available are those of the farmers’ 
votes during field days. Two types of voting were done. In the first, farmers were given graduation of 
votes (from “very much” to “very little”), then a score was calculated by weighting those votes. The 
farmers voted for the harvest predictions, for the easiness to find the inputs and the labour requirement of 
the treatments (Figure 58). In the second type of voting, farmers were given two votes: one for the best 
treatment and one for the worse treatment. This shows their preference while combining the two elements 
(cost/ability vs. harvest) (Figure 59). 
INPUTS: The graphs show that the highest harvest is expected for DAP and for ½ DAP + ½ manure. 
Nevertheless, the difficulty to get DAP makes it less advantageous. The harvest expectation of farmers in 
manure was also high, and it’s easiness to get makes that many farmers in Kakmasia and Central voted it 
for best. Farmers mentioned it improves the moisture in the soil and it improves the soil at longer term 
than DAP.
DAP is known as bringing a lot of nutrients for remaining for a short time. The expectations for the 
alternatives, ashes and Tithonia + DAP were lower, mainly because unknown. Ashes are used only for 
pest control on maize. Therefore, ashes did not receive “best” votes nor “worse” votes. Tithonia was 
voted as best in Rayudhi, where farmers earlier heard about it’s benefits but had not tried it. 
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  INPUTS     LABOUR 
Figure 58. Harvest Prediction of farmers during the growing season, compared with the labour 
requirement /input availability (done after germination, Oct 06). The “factors” were calculated by giving a 
weight to the different votes (eg: 1 bag harvest = 1, very easy to find = +2, very difficult = -2, 3 farmer 
needed for the work = -3) .
LEGEND: ASH = full ashes, DAP = full DAP, MAN = full manure, MANASH = ½ manure + ½ ashes, 
MANDAP = ½ manure + ½ DAP, TITDAP = ½ Tithonia + ½ DAP; BC1 = Broadcasting, 1 Weeding, L2 
= point-placing in lines, 2 times weeding, T1= drilling in trenches at good distance, 1 weeding, T2 = 
drilling in trenches at good distance, 2 times weeding. 
Figure 59. Votes for the best and the worse treatments (in % per group (elder/young/women) and 
zone). Done at mid-podding stage (Nov 06). 
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LABOUR: The harvest predictions for the different labour treatments varied from zone to zone. Most 
farmers agreed on the better harvest with 2 times weeding than 1 time weeding, and with the better 
harvest from organised planting in lines (L2, T2 and T1) than broadcasting. The votes for broadcasting 
strongly depended on the farmers’ availability of labour at home. Although most farmers voted it as 
worse treatment, mainly people living alone voted it as best option. Some people had also experienced 
good soybean harvests with broadcasting. The labour requirement of point-placing seeds was seen as very 
high. Farmers even laughed with this method during planting and said that no farmer would be crazy 
enough to do this in his field. Planting in trenches with one weeding was preferred in Kakmasia above the 
2 times weeding, while most other zones preferred the trench planting with two weedings. This resulted 
from the observation that the plants did not seem to suffer that much from the weeds. With this small 
difference in harvest farmers then preferred to reduce labour.
This experiment showed that intense collaboration with farmers and field days allow better understanding 
the adoptability of treatments tested on-farm. Both farmers and researchers understood through the voting 
exercises the large variation in preferences between different farmers, depending on their availability of 
funds and labour forces. The collaboration also built a trust relationship that allowed to speak more 
openly about how to improve the treatments even further. Once available, the harvest results will be 
compared with the votings above and then discussed with farmers during a post-harvest field day. The 
farmers participating to the experiments were also given documents in which they are guided in the 
calculation of cost-benefits and in the choice of “better treatments”. This experience builds the capacity of 
the farmers to create, conduct and analyze their own experiments in future.  
Participatory evaluation of best-bet options for control of Striga hermonthica and declining soil 
fertility
B. Vanlauwe, L. Nyambega, V. Manyong, many farmer groups 
TSBF-CIAT, Kenya; IITA Tanzania 
In the context of the project ‘Striga control in western Kenya: Raising awareness, containing and reducing 
the infestation and developing strategies for eradication’, supported by the African Appropriate 
Technology Foundation (AATF), the mandate of TSBF-CIAT is to investigate the containment and 
eradication of striga infestation through the fusion of different technical approaches. Impact on the soil 
fertility status and striga seed bank will be quantified. Feedback from active farmer research groups will 
be obtained through group learning activities on farmer-led testing and evaluation activities with a 
selected set of technologies.   
Fourteen farmer groups were selected in Bondo, Busia, Teso, Siaya, and Vihiga districts, using level of 
activity, interest in farming, and presence of striga as main criteria. In each of the target sites, the farmer 
research group selected fields with very high striga occurrence, the latter being validated by field visits 
during the previous growing season. A set of best-bet interventions, consisting of the components 
Desmodium intercopping, fertilizer application, IR maize, striga tolerant maize, and herbaceous/grain 
legume rotation, was exposed to the farmer groups and agreements were made on how to manage the 
trials and their produce (Table 53). No financial support was provided for implementation and 
management of the demonstration trials. A set of group learning activities was developed and is being 
implemented during the current growing season. During the season, interested at the Teso sites was 
minimal so these groups were dropped from the project, leaving 11 active demonstration sites.  
During each growing season, the various treatments with maize were evaluated by a substantial number of 
male and female farmers at all sites. Criteria for ranking were identified in a participatory way and 
farmers were facilitated to visit the different treatments and score these individually (1 being worst, 5 
being best).
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Response to fertilizer of the WH varieties was poor during the first 2 seasons, due to substantial Striga
parasitism. In the push-pull system, application of fertilizer increased maize yield from the first season 
onwards, although yields in the unfertilized push-pull system were lower than those in the maize mono-
cropped systems, probably caused by drought stress. IR-maize was observed to yield less than WH 
varieties in presence of fertilizer. In the Mucuna-maize and soybean-maize rotations, response to fertilizer 
was observed for the last season only. Soybean yields were around 1200 kg ha-1, except for the SR2005 
season that was characterized by drought, especially in Bondo district (Figure 60). 
Cumulative maize yields were highest for treatments with WH varieties in presence of fertilizer 
application (Figure 61). Cumulative IR-maize yields were substantially lower than those of WH maize in 
presence of fertilizer while in absence of fertilizer, yields were similar. The Push-pull system did not 
increase cumulative maize grain yield compared with the mono-cropped WH maize. Inclusion of 1 or 2 
soybean crops resulted in cumulative maize yields similar to those in the fertilized mono-cropping 
systems, while cumulative maize yields in the Mucuna-maize rotations were as high as in the mono-
cropped systems, notwithstanding the loss of 2 maize growing seasons. In the soybean-maize rotations, 
cumulative soybean yields were just slightly lower than cumulative maize yields. Taking into account 
both maize and soybean yields, total productivity was highest in the mono-cropped maize and soybean-
maize rotations after addition of fertilizer (Figure 61).
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Table 53. Treatment structure of the demonstration trails. 
Treatment Long rainy season 2005 Short rainy season 2005 Long rainy season 2006 Short rainy season 2006 
  1 WH502 without fertilizer WH502 without fertilizer WH502 without fertilizer WH502 without fertilizer 
  2 WH502 with DAP/Urea WH502 with DAP/Urea WH502 with DAP/Urea WH502 with DAP/Urea 
  3 IR maize without fert IR maize without fert IR maize without fert IR maize without fert 
  4 IR maize with DAP/urea IR maize with DAP/urea IR maize with DAP/urea IR maize with DAP/urea 
  5 Mucuna without fert WH502 without fertilizer Mucuna without fert WH502 without fertilizer 
  6 Mucuna with DAP WH502 with DAP/Urea Mucuna with DAP WH502 with DAP/Urea 
  7 Mucuna with DAP IR maize with DAP/urea Mucuna with DAP IR maize with DAP/urea 
  8 Sobyean without fert WH502 without fertilizer Sobyean without fert WH502 without fertilizer 
  9 Soybean with DAP WH502 with DAP/Urea Soybean with DAP WH502 with DAP/Urea 
10 Soybean with DAP IR maize with DAP/urea Soybean with DAP IR maize with DAP/urea 
11 Push pull WH502 without fert Push pull WH502 without fert Push pull WH502 without fert Push pull WH502 without fert 
12 Push pull WH502 with 
DAP/urea 
Push pull WH502 with DAP/urea Push pull WH502 with DAP/urea Push pull WH502 with 
DAP/urea 
13 Soybean/beans intercrop with 
DAP 
WH502 with DAP/Urea WH502 with DAP/Urea WH502 with DAP/Urea 
14 Soybean/beans  intercrop with 
DAP 
Soybean/beans  intercrop with DAP WH502 with DAP/Urea WH502 with DAP/Urea 
15 Soybean/beans  intercrop with 
DAP 
Soybean/beans  intercrop with DAP Soybean/beans  intercrop with 
DAP
WH502 with DAP/Urea 
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In the treatments which contained maize every season (first 6 treatments), application of fertilizer 
substantially increased maize grain yield, but only for the last 2 seasons in the treatments with WH maize 
(Figure 60).
Figure 60. Maize and soybean grain yield during the four seasons considered in this project. ‘F’ refers to 
‘fertilizers’, ‘PP’ to ‘push-pull’, ‘IR’ to herbicide-resistant maize, ‘WH’ to the non-herbicide-resistant 
maize variety WH403/WH502 used, ‘Muc’ to ‘Mucuna’, and ‘SB’ to ‘soybean’. The figure between 
brackets for the last 3 bars indicates the numbers of subsequent soybean seasons. Bars with bold borders 
are soybean yields, other bars are maize yields. In Bondo district, maize yields were nil due to drought. 
Error bars are Standard Errors of the Difference for each season (n=11).
Obviously, since the current price of soybean grains is quite higher than those of maize grains, 
economically, the systems with inclusion of a soybean phase are likely outperforming the mono-cropped 
maize systems. 
The initial Striga seedbank was 25,485 ± 33,477 seeds m-2. Striga emergence was substantially reduced in 
the treatments with mono-cropped IR-maize and in the push-pull systems after the first season (Figure 
62). Striga emergence was also substantially reduced after 1 season of Mucuna in contrast with the 
soybean-maize rotations where Striga emergence was similar as that in the mono-cropped plots with WH 
maize. Increasing the number of soybean crops before maize from 1 to 3 did not reduce Striga emergence, 
compared with the WH mono-cropped plots. Striga emergence in the demonstration trials was observed 
to decline substantially from the first to the last season, even in the mono-cropped treatments with WH 
varieties, probably because all emerged Striga plants were consistently removed from the plots after 
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Figure 61.  Cumulative maize and soybean grain yield during the four seasons considered in this project. 
‘F’ refers to ‘fertilizers’, ‘PP’ to ‘push-pull’, ‘IR’ to herbicide-resistant maize, ‘WH’ to the non-herbicide-
resistant maize variety WH403/WH502 used, ‘Muc’ to ‘Mucuna’, and ‘SB’ to ‘soybean’. The figure 
between brackets for the last 3 bars indicates the numbers of subsequent soybean seasons. Error bars are 
Standard Errors of the Difference for each season (n=11).
Although IR-maize certainly reduces Striga emergence, its productivity was observed to be lower than 
that of the WH hybrid varieties in presence of fertilizer. This was not true in absence of fertilizer. The 
push-pull system substantially reduced Striga emergence but only after 2 seasons. In absence of fertilizer, 
maize yields in the push-pull system are less than those in the mono-cropped system, likely caused by 
competition for water between the Desmodium and maize during seasons with erratic rainfall. Mucuna-
maize rotations led to a substantial reduction in Striga emergence and increase in maize grain yield while 
this was not true for the soybean-maize rotation. In the latter case, however, the production of grains for 
food or sale is certainly going to result in better economic returns in the latter treatment. Striga emergence 
reduced substantially between season 1 and season 4 in all treatments, indicating that consistent uprooting 
Striga seedlings before flowering can gradually decrease its seed-bank. Both male and female farmers 
appreciated the Striga tolerant properties of the IR-maize but less its productivity. Fertilizer application 
was also appreciated, even in terms of Striga tolerance, probably due to better maize growth after 


































































































































































































































Figure 62. Striga emergence (sum of emergence at 6, 8, and 10 weeks after maize planting) during the 
four seasons considered in this project. ‘F’ refers to ‘fertilizers’, ‘PP’ to ‘push-pull’, ‘IR’ to herbicide-
resistant maize, ‘WH’ to the non-herbicide-resistant maize variety WH403/WH502 used, ‘Muc’ to 
‘Mucuna’, and ‘SB’ to ‘soybean’. The figure between brackets for the last 3 bars indicates the numbers of 
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During the participatory evaluation exercise, both male and female farmers ranked the treatments with 
fertilizer inputs and previous soybean as best, both in terms of Striga tolerance as in terms of maize grain 
yield (Figure 63). Although the IR-maize scored relatively high for Striga tolerance, its yield potential 
was less well appreciated by both male and female farmers (Figure 63). 
Figure 63. Ranking of the various treatments with maize during the LR 2006 season in terms of Striga 
tolerance and yield. Rank 5 is best, 1 is worst. ‘F’ refers to ‘fertilizers’, ‘PP’ to ‘push-pull’, ‘IR’ to 
herbicide-resistant maize, ‘WH502’ to the non-herbicide-resistant maize variety WH502 used, and ‘SB’ 
to ‘soybean’. The figure between brackets for the last 2 bars indicates the numbers of subsequent soybean 








































































































































Baseline study on soybeans (production, processing, utilization and marketing) in the farming 
systems of East Africa (Kenya, Uganda, and Tanzania) 
J. Chianu1, B. Vanlauwe1,  P. Kalunda2, H. de Groote3 N. Sanginga1, A. Adesina4, F. Myaka5, Z. 
Mkangwa5, and J. Opondo6
1TSBF-CIAT,Kenya; 2NARO, Uganda; 3CIMMYT, Kenya; 4Rockefeller Foundation, Kenya; 5Ilonga 
Research Institute, Tanzania; 6Dominion Farms, Siaya District, Kenya 
Soybean was introduced in the farming systems of Kenya, Uganda, and Tanzania many decades ago. 
However, the crop has remained a minor crop despite its great potentials for improving household food 
and nutrition security (through quality food supply), household cash income (through the sales of soybean 
and soybean products), household health (through the provision of high quality protein-rich food), and 
soil fertility improvement (through its atmospheric nitrogen-fixing ability). Literature indicates that low 
yield, lack of knowledge on its utilization, and lack of market are among the key factors that have 
contributed to lack of adoption of soybeans in the farming systems of East Africa. A recent effort based 
on improved dual-purpose promiscuous soybeans varieties sourced from IITA, Ibadan, Nigeria has been 
commenced by TSBF-CIAT. 
This study aims at documenting the baseline data (on production, processing, utilization, and marketing) 
in order to have sufficient information to assess the impact of the improved dual-purpose promiscuous 
soybeans varieties on the soybean sub-sector in East Africa in future. 
This study is being carried out in selected districts in the three countries. Data for the attainment of the 
objective of this study are being collected from primary sources (household-level and community-level 
surveys using questionnaires), secondary sources (reports, published articles, books, etc.) and key 
informant interviews. Data processing is being executed using many computer applications including 
Microsoft Excel, SPSS, and SAS. 
Data collection for both the Kenya and the Uganda arms of the study has been completed. The data have 
also been entered into the computer and are currently being processed (including validation and cleaning, 
and analysis). The implementation of the baseline community-level and household-level socioeconomic 
data collection in Tanzania has commenced with the listing of the male and female farmers who grow or 
do not grow soybean in two villages (Kidegembye and Image) selected from Njombe district. The 
distribution of household with respect to soybean growing status and gender of household head is as in 
Table 54 below. 
Table 54. Summary of households (number) listed in two villages in Njombe district of 
Tanzania
 Gender of household head 
Village Soybean growing status Male-headed Female-headed Total
Kidegembye Soybean growing 30 26 56
 Non-soybean growing 322 218 540
Image Soybean growing 42 0 42
 Non-soybean growing 467 200 667
Total across soybean growing status 861 444 1305
Source: Summarized from household listing data, 2006/2007  
Using these frames, the baseline community-and household-level surveys are planned for the second half 
of 2007. 
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Identification and development of options for sustainable soybean demand and marketing 
in the farming systems of Kenya 
J. Chianu1, B. Vanlauwe1, O. Ohiokpehai1, L. Njaramba2, N. Sanginga1, A. Adesina3, R.  Atieno 2
1TSBF-CIAT, Kenya; 2Institute of Development Studies, UON, Kenya; 3Rockefeller Foundation, Kenya 
Soybean was introduced in the farming systems of Kenya many decades ago. However, the crop has 
remained a minor crop despite its great potentials for improving household food and nutrition security 
(through quality food supply), household cash income (through the sales of soybean and soybean 
products), household health (through the provision of high quality protein-rich food), and soil fertility 
improvement (through its atmospheric nitrogen-fixing ability). Lack of market for the output is one of the 
key reasons given by farmers for not giving much attention to soybean production. This is compounded 
by the lack of knowledge on soybean utilization by many farm households. These imply that without 
proper market development, all efforts towards soybean development and promotion in Kenya will 
amount to nothing. 
This study aims at identifying various ways of developing soybean market at three different levels 
(household-level, community-level, and industrial level by linking farmers with industries that use 
soybean) in the farming systems of Kenya. 
Data from many studies currently being carried out will contribute to this. These include (i) the baseline 
household-level survey of soybean in the farming systems of western Kenya, (ii) the baseline community-
level survey of soybean in the farming systems of western Kenya, (iii) survey of selected food (including 
supermarkets) and feed industries in Kenya, and (iv) key informant interviews, among others. All these 
surveys are being executed using structured questionnaire. Secondary data will be derived from reports, 
published articles, books, etc.  
Apart from the above, the processes that we are using to develop the soybean market development at 
household-level include (i) awareness creation on the various attributes of soybean, (ii) effective 
promotion through participatory training and development on the processing of easy-to-prepare soybean 
products and the associated recipes, etc.). At the community-level, our efforts are centered on the 
VitaGoat and or VitaCow System (machines used in soymilk production and the production of soybean 
residues that are handy in the production of high protein soy bread, soy biscuit, soy cake, livestock feed, 
etc.). At the industrial level, our activity is on linking farmers and producer groups to large-scale food and 
feed industries (to ensure the existence of market opportunities that can mop up production levels that are 
beyond the absorptive capacities of the household- and community-level demand and help in import 
substitution that can save the huge foreign exchange often spent by these industries to import soybean for 
their operations in Kenya 
The awareness creation has led and is currently continuing to lead to widespread adoption of soybean 
production among the communities in TSBF-CIAT action sites in Butere-Mumias and Migori and 
numerous other districts that have joined the soybean promotion work. Two VitaGoats and one VitaCow
have been imported from Canada, especially for community-level soymilk processing and the generation 
of soybean residues for use in the production of other soybean products. Installation of these (VitaCow in 
Mumias, one VitaGoat each Eldoret and Migori) is planned for April 2007, starting with Eldoret. For 
sustainability, the associated trainings will be extended to representatives from the Ministry of 
Agriculture and farmers’ groups from some of the districts where our project presently operates. Many 
industrial processors of soybean in Kenya, including Bidco and NUTRO EPZ have agreed to import 
substitution and to clear the market for whatever soybean that the Kenyan farmers produce and at KShs. 
26 per kg. They have kept this promise and have been purchasing soybean from farmers and farmers’ 
groups. They encourage farmers and farmers’ groups to bulk as from 5 tons before arranging to supply 
them. This will also assist in enabling the farmers to tap some of the advantages associated with the 
economies of large scale, especially those related to cheap transport per unit of sales.  
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Evaluation of key agricultural production input supply and network in the farming systems of 
western Kenya 
J. Chianu, F. Mairura, I. Ekise, A. Adesina, and N. Sanginga 
TSBF-CIAT, Kenya; Rockefeller Foundation, Kenya 
Widespread and increasing rural poverty in sub-Saharan Africa has been of great concern to the 
development community. Compared to other developing regions of the world, low factor (land, 
labor, capital, management) productivity and low use of farm inputs by smallholder farmers is one of 
the factors often responsible for the gap between potential farmers’ yields and actual crop yields. 
These are also common features of the farming systems of western Kenya. In addition, market 
constraints reduce profitability in the use of inputs, increasing production risks. These negatively 
affect livelihoods by impacting negatively on household food and nutrition security. Among the other 
reasons, lack of access to key agricultural production inputs (inorganic fertilizers, organic inputs, seeds, 
etc.) by the smallholder farmers has been blamed for the low factor productivity that characterize western 
Kenya agriculture. The situation is further compounded by the HIV/AIDS pandemic that is most 
widespread in western Kenya compared to other regions of Kenya. 
The objective of this study is to (i) assess the availability farm input supply centers in selected districts in 
western Kenya, (ii) to evaluate the types and suitability of agricultural inputs stocked, (iii) to assess the 
types and qualities of other services that farm input suppliers offer to the smallholder farmers, and (iv) to 
make recommendations on how to improve the access of smallholder farmers to agricultural production 
inputs in the farming systems of western Kenya and similar environments. 
 This study was carried out in eight districts from three provinces (Western, Nyanza, and Rift Valley) in 
western Kenya. These districts were randomly selected from the list of all the districts in the three 
provinces. In each selected district, a list of all the agricultural production input dealers was compiled. 
From this list, a random sample of 130 agro-input dealers was selected for interview using structured 
questionnaire. Secondary data sources include reports, published journal articles, proceedings of 
conferences, books, etc. Data processing is ongoing and is being carried out mostly using Microsoft Excel 
and SPSS. 
Preliminary results indicate that although the number of agro-dealers is still small relative to rural 
population, there has been a steady annual increase (from 2% for seed treatment chemicals to 22% for 
fertilizers with mean of 16% across inputs) in their number from 2003 to 2005. Di-ammonium Phosphate 
(DAP) fertilizer (stocked by 92% of respondents) was the most frequently occurring input, followed by 
Calcium Ammonium Nitrate (CAN) fertilizer (84%), Urea (78%), and NPK (40%). The other services 
provided to smallholder farmers by agro-input dealers were input information (75% of respondents), 
credit (13%), bulk breaking (8%), spraying (4%). The most important constraints faced by agro-dealers 
were transportation (53%), lack of market (30%), limited market information (21%), storage (13%), and 
inadequate business knowledge and skill (12%). The study preliminarily concludes with suggestions on 
how to enhance the efficiency of agro-dealers in input delivery to smallholder farmers - timely since SSA 
governments are presently creating policy and institutional structures to enhance farm input use. 
The place of soybean among the grains (grain legumes and cereals) traded in selected marketed 
markets in East Africa (Western Kenya and Central and Northern Uganda) 
J. Chianu1, F. Mairura1, I. Ekise1, P. Kalunda2 , A. Adesina3 and, N. Sanginga1
1TSBF-CIAT, Kenya; 2NARO, Uganda; 3Rockefeller Foundation, Kenya
Cereals and legumes are the most common crops cultivated by smallholder farmers in Kenya. Farm 
households, especially food self-sufficient ones, must market these grains at profit as an incentive for 
future production increases, poverty reduction and improved livelihoods. Middlemen who normally 
perform agricultural marketing functions are often reported to earn abnormal margins – explaining the 
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surge and promotion of farmer associations to encourage farmers’ effective participation in agricultural 
marketing. Besides, literature, interactions with farmers and key informants have revealed that lack of 
market (and low prices) has been a major reason for the low presence of soybeans in the farming systems 
of western Kenya. This is compounded by lack of knowledge on simple methods of processing soybeans 
for food, making marketing the product the only option left for the producers. 
The objective of this study is to (i) assess the characteristics (diversity of commodities sold, gender, scale 
of operations, marketing infrastructure, age, educational level, etc.) of grains market actors, (ii) examine 
the issue of margin based on soybean, a relatively new crop with high and expanding domestic demand 
because it is a cash, food, fodder, and soil fertility improving crop- characteristics that confer a high 
adoption potential, (iii) assess the degree of availability of soybean in the selected markets, (iv) determine 
the types and sources of different soybean varieties found in the markets, (v) evaluate the stock and 
market shares of soybeans relative to the other grains traded in the markets, (vi) evaluate the marketing 
margins associated with soybean marketing in the markets, and (v) make recommendations on how to 
increase both the marketing margin associated with soybean marketing and the market share of soybeans 
compared with the other grains. 
This study was carried out in eight districts from three provinces (Western, Nyanza, and Rift Valley) in 
western Kenya and two district hubs (Lira and Luwero) in Uganda. These districts were randomly 
(stratified in the case of Uganda) selected from the list of all the districts. In each selected district, a list of 
all the markets where grains (including soybean) are traded was compiled. From this list, a random 
sample of markets was selected. At the market, the traders selling grains are listed and a random sample is 
taken and interviewed using structured questionnaire. Effort is made to include large and small stock 
traders in the sample. Secondary data sources include reports, published journal articles, proceedings of 
conferences, books, etc. Data processing (entry, validation, cleaning, and analysis) is ongoing and the 
software being includes Microsoft Excel and SPSS. 
Results based on data from western Kenya show that altogether 16 different grains were found across the 
surveyed markets, the most common (in terms of number of traders selling it) being millet (31% traders), 
sorghum and rice (27% each) among cereals and common beans (22%), soybean (18%) and groundnut 
(17%) among legumes. For maize traders (27% of traders), maize accounted for 37% of total stock found 
in the surveyed markets. While about 80% of all the traders were women, 90% were small-scaled (grains 
stock ranging from 0.01 to 18t with a mean of 1.8 t month-1), 60% operating in open shops. Soybean 
traders earned a marketing margin of 15%. The paper preliminarily cautioned on the view that middlemen 
make excessive profits at the expense of farmers. 
Economic Evaluation of the Contribution of Below Ground Biodiversity: Case Study of Biological 
Nitrogen Fixation by Rhizobia 
J. Chianu1, J. Huising 1, .S Danso2, .P Okoth1 , and N. Sanginga1
1TSBF-CIAT, Kenya; 2University of Ghana, Legon
Although it is a common knowledge that soil microorganisms form an important constituent of below 
ground biodiversity and provide key ecosystem services, such knowledge is often not leading to the 
formulation of favorable policies to conserve the soil microorganisms. Applying the knowledge gained 
from several experiment station and on-farm research (supplemented with necessary assumptions) on 
FAO-sourced secondary data on soybean (Glycine Max) from 19 countries in Africa, this study attempted 
to increase the visibility of the important activities of microorganisms by quantifying the economic value 
of nitrogen fixation often associated with the activities of legume nodulating bacteria (LNB). The 
computation of economic value of nitrogen fixation was mostly based on the method of cost replacement 
or cost savings of the fixed nitrogen compared with the mineral nitrogen fertilizer required to attain the 
level of nitrogen fixed. Result shows that the economic value of the nitrogen-fixing attribute of soybean 
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in Africa, especially the promiscuous varieties, is quite high and in total ranges from about US$ 197 
million in 2002 to about US$ 203 million in 2004 with a mean of about US$ 199 million across the years 
(2002, 2003 and 2004). The study preliminarily concludes with recommendations on the various ways of 
increasing the chances of smallholder farmers benefiting from the nitrogen-fixing attribute of LNB, 
especially since many of them cannot afford adequate quantities of inorganic fertilizers required for 
increased crop productivity. 
Food situation and nutritional status of children 6-9 years old in HIV/AIDS affected areas of Suba 
District. A comparative study 
J. Kamau, O. Ohiokpehai, J. Kimiywe.  B. Kingolla,  A. .Adesina. and. N. Sanginga
Kenyatta University,Kenya; TSBF-CIAT,Kenya; Rockefeller Foundation,Kenya 
The HIV/aids pandemic has continued to claim more lives in Africa leading to an increase in the number 
of orphaned and vulnerable children. Research conducted by Case and Ableindiger (2004), shows that ten 
countries in Southern Africa have orphan rates higher than 15%. Orphans are likely to be susceptible to 
HIV, more food insecure, more malnourished, and less healthy than non orphans. (Lundberg et al, 2001). 
It has been found that there is reduced quality and quantity of dietary intake, child survival and nutrition 
in households affected by HIV/AIDS.  A study by Njeru and Kioko, (2004), shows that the number of 
orphans rose from 43,359 in 1990 to 965,975 in 2000 in primary schools in Kenya. This number is 
projected to rise to 2,189,593 by 2010. GOK/MOH (2006), reports that Kenya has an estimated 1 million 
orphans and vulnerable children as a result of HIV/AIDS.  Besides HIV/AIDS, hunger and malnutrition 
are rampant amongst the poor in the world. According to FAO/WHO (1992), one out of five persons in 
developing world is chronically undernourished while 192 million children suffer from protein energy 
malnutrition (PEM) and other micronutrient deficiencies. Approximately 780 million in developing 
countries do not have access to adequate food. In Africa, where there is a growth rate of 3%, the number 
of people affected by hunger has grown drastically. Reports by GOK/MOH (2006) indicate that about 
47% of Kenyans lack adequate food to meet their nutritional requirements. About 31% of children under 
5 years are stunted and 20% are underweight. The rates are higher in rural areas than urban areas. The 
School age children need food that satisfies the high demands for rapid growth, mental development and 
physical activity.  
This study was carried out in Suba district in three schools .The results presented here are based on two 
schools namely Sindo primary school and Ongayo primary school. Sindo primary school is currently on 
the school feeding project where porridge made of corn soy blend is being provided at mid morning. 
Ongayo primary school is acting as a control and receiving Nutrition Education among other services 
such as deworming,  
Vitamin A supplementation and a long lasting insecticide treated mosquito net. Suba District had a 
HIV/AIDS prevalence of 41% in 2005 but went down to 32% in 2006. (NASCOP/MOH. 2006).  The 
children in the feeding trial were chosen based on the fact that they are either partial or total orphans. 
Some children are affected by HIV/AIDS in view of the fact that they live with ailing parents and 
relatives. The objective of this study is to investigate the food situation and nutritional status of children 
aged 6-9 years old from HIV/AIDS affected areas of Suba District.  
Study Area 
Suba district has been selected for the study due to the prevailing conditions that have lead to HIV/AIDS 
prevalence of 31% (NASCOP, 2006) that is increasing at an alarming rate due to a number of factors 
including inadequate health services and facilities. For instance, the poverty index in Suba is 64%, there is 
food insecurity due to low agricultural activity despite rich soils, high unemployment rate, and poor 
infrastructure-only 4.3% have access to piped water while access to electricity is 1%. (Masambu, 2005). 
The study was a cross sectional descriptive survey to obtain baseline data prior to the school feeding trial. 
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Kaksingri division where Sindo and Ongayo schools are situated has 877 orphans while Mbita division 
has 51 primary schools with 13,660 pupils with a total of 1,396 orphans. Random methods were used to 
select 53 children from Sindo primary school and 56 from Ong’ayo primary school. The 
parents/guardians of the children were interviewed using a standard interview schedule to obtain 
information on demographic characteristics, socio-economic status and household dietary patterns. 
Informed consent was obtained from the parents/guardians verbally. All the children were dewormed and 
supplemented with Vitamin A. They were also given an insecticide treated mosquito net to guard them 
against malaria, an endemic disease in the area. Anthropometric assessment of the children was also done. 
A standard height metre /stadiometer was used to take the heights of the children and a Seca weighing 
scale was used to take the weights of the children. In addition, a non stretchable MUAC tape was used to 
take the mid upper arm circumference. Using the Nutrisurvey programme for windows, these were 
converted into Z scores for HA, WH, WA.  A SD of -2 showed moderate stunting, underweight and 
wasting while -3 meant severe stunting, underweight and stunting according to NCHS-WHO references 
(1977). The rest of the data was analyzed using SPSS for windows version 11.5.  
Sex of Respondent, Age of Caregiver, and Marital Status 
In Sindo primary school 98.1% were female while 1.9% were male. This number represented the 
households headed by men. Majority of the respondents (parents) were in the age group of 19-25 years 
(37.7%). This was followed by the age group of 26-30 years old (24.5%), 31-35 years (13.3%), 36-40 
(5.7%) while 41 years and above represented 9.5%. Majority of the respondents (71.7%) were married, 
24.5% were widowed while 3.8% were single. 
The parents/guardians from Ongayo who were interviewed comprised of 96.4% females and 3.6% male. 
The age group of the respondents varied slightly from the Sindo parents whereby many of them (35.8%) 
were aged between 36 to 40 years old.  The 19-25 age group comprised of 12.6%, 26-30 years, 34%, 31-
35 age group 10.1% and 41 and above 18%. Just like in Sindo, majority (69.6%) were married, 26.8% 
widowed and 3.6% separated. 
Occupation and Household Income 
The study showed that many guardians /parents of children in Sindo primary school are engaged in small 
businesses (56.6%) and 13.2% are in temporary employment. Those that were unemployed comprised of 
26.4% and the self employed 1.9%.  The total household incomes ranged from nil to ksh.25, 000 per 
month with majority (30.3%) earning between ksh.500-2,000 per month.  
A further 28.4% earned between ksh. 2,001 -4,000, 17% earned ksh.4, 001-6,000 and 7.6% earned 
between 6,001-10,000. 13.3% brought home more than ksh.10, 000. These results are different in Ongayo 
primary school parents where a big number of them (73.2%) are unemployed, 8.9% are in temporary 
employment while 17.9% run small businesses.  The highest earners (35.8%) got between ksh.2,000 to 
4,000 and a further 32.2% earning between ksh. 500 and 2,000. In addition, 10.4% earned between ksh. 
4,000-6,000 while 7.2% earned ksh.15,000 and above. 
Food Production, Land Size and Soybean Utilization 
Some parents in Sindo primary school cultivate land (56.6%). The rest (43.4%) do not cultivate any land. 
Those who cultivate (39.7%) use between 0.5 and 2 acres of land to grow food crops. 22.7% grow food 
crops on 1.5 to 4 acres of land. The highest acreage per person is 1 acre (20.8%). Of all the respondents in 
Sindo, only 3.8% grow soybean, 96.2% do not grow them at all. Of those who grow soybean, 1.9% grew 
it on 0.25 acres of land and another 1.9% on .50 acres of land. A further 39.6% reported to buy soybean 
for use in the household. The open air market is where they bought the soybean from. For utilization of 
soybean, 13.3% boil and eat, 13.3% grind and make porridge from it and 13.3% boil then fry or stew. For 
preparation of the land, many people (20.8) use oxen, 17% till the land by hand while another 17% use 
both oxen and hand. In order to obtain food in the household, 47.2% purchase from the shops and open 
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air market and 49.1% purchase and use food from their farms. About 1.9% obtains food from their farms 
and another 1.9% gets assistance. The main staple is maize (79.2%) followed by millet (11.3%) then 
sorghum at 3.8%. In order to obtain additional food for the household, 86.8% purchase the food, 9.4% 
participate in food for work and 3.8% get assistance. A high number of parents in Ongayo primary school 
cultivate land (91.9%) with only 8.9% not cultivating. Among those who cultivate land, the amount of 
land under cultivation ranges from 0.5 to 2 acres 44.7%, 2.5-5.0 acres 42.9% and 6-10 acres 7.2%.  
Majority of the people (33.9%) cultivate 2 acres followed by 5 acres (14.3%) and 3 acres (16.1%). The 
acreage allocated to food crop ranges between 0.5 -2 acres (19.6%), 1.5-4 acres (64.3%), and 5-6 acres 
(7.2%).  The people in Ongayo mostly use oxen (39.3%) to plough their land and a combination of oxen 
and hand (35.7%). A smaller number (16.1%) use their hand to till the land. As far as soybean growing 
and utilization is concerned, only 7.1% grow soybeans on their land while 92.9% do not grow soybean at 
all. The acreage under soybean comprises of 0.25 acres (3.6%), 0.50 acres (1.8%), and 1 acre (1.8%).  
92.9% admitted that they don’t buy soybeans for use at home but 7.1% reported to buy soybean for home 
consumption. All the 7.1% buy them from the open air market.  
For soybean processing and utilization, 1.8% boil them and eat, 3.6% use them as beverage and 9% boil 
then stew or fry as serve as accompaniments to other dishes such as rice. To obtain food for the 
household, 83.9% purchase and get it from their farms, 10.7% purchase all the food required for the 
household and 1.8% get food through assistance. A further 3.6% obtain food through assistance, purchase 
and from their farms. The main staple in this area is maize (100%). When there is shortage of food in the 
household, 98.2% purchase food while 1.8% got food through assistance. 
Livestock Production and Use 
From the Table (55) below, many people in Sindo do not rear livestock, for example, only 18.9% keep 
cows, 15.2% keep sheep and 26.5% rear goats. More people rear poultry which they use at home as a 
source of food 30.2% while 26.4% use them for food and sale. The highest number of cows owned is 2-
7.5%, sheep 7.6%, goats 13.2% and poultry 10. On the contrary, more people in Ongayo keep cows 
(57.2%), Sheep 16.2%, goats (62.5%) and poultry (84.2%).  More than 44.6% of the cows are for use at 
home, usually for milk production while 10.7% is for home use and sale. 14% of the sheep are for home 
use, 35.7% of the goats.10. More than 30.4% of the poultry is for home use while 3.6% is kept for sale. 
Table 55. Livestock ownership in Sindo and Ongayo. 
Number Cows% Sheep% Goats% Poultry% 
0 79.2 84.9 73.6 41.5 
1-3 15.1 5.7 13.2 18.9 
4-10 3.8 9.5 11.4 26.4 




0 0 0 3.8 
Total 100 100 100 100 
0 42.9 83.9 37.5 16.1 
1-5 46.4 9.0 35.6 32.2 
6-10 0 7.2 19.7 21.5 




0 0 0 21.5 
Total 100 100 100 100 
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Table 56. Childcare and child health practices.
Sindo Mother alive% Father alive% 
Alive and lives with child 81.8 66 
Alive but does not live with 
child
5.7 0 
Not alive 13.2 32.1 
Does not know 0 1.9 
Total 100 100 
Ongayo
Alive and lives with child 75 55.4 
Alive but does not live with 
child
12.5 23.2 
Not alive 12.5 19.6 
Does not know 0 1.8 
Total 100 100 
From the Table (56) above, majority of the children in Sindo live with their parents. However, paternal 
orphan hood (32.1%) is noticeably higher than maternal orphan-hood, 13.2%.  
A few mothers 5.7% are alive but don’t live with the index child. One parent (1.9%) did not know the 
father of her child. This trend is also noted in Ongayo whereby slightly more than half (55.4%) live with 
their fathers.  Paternal orphan-hood is lower at 19.6% and maternal orphan-hood lower at 12.5%. Among 
the children in the study in Sindo primary school, 37.7% are male while 62.3% are female.  In Ongayo 
primary school, 46.4% are males while 53.6% are females. As regards feeding practices, 94.3% of 
children in Sindo feed from the family pot whereas 5.7% have their food cooked separately. 69.8% feed 3 
times a day, 18.9% feed 4 times a day and 9.4% feed 2 times a day. All the children in Ongayo (100%) 
feed from the family pot with majority (82.1%) feeding three times a day, 14.3% four times a day and 
3.6% feeding once a day. 
Baseline Nutritional Status  
Anthropometric assessment of the children showed the following at baseline level (Table 57) as the 
nutrition status. 






Normal 88.7 79.2 98.1 
Moderate 9.4 15.1 1.9 
Severe 1.9 5.7 0 
Sindo
Total 100 100 100 
Normal 92.9 85.7 82.1 
Moderate 3.6 8.9 12.5 
Severe 0 1.8 1.8 
Ongayo
Total 100 100 100 
 More children in Ongayo had normal nutritional status with regard to underweight, stunting and wasting 
(92.9%), 85.7% and 82.1% as compared to Sindo 88.7%, 79.2% and 98.1%. The underweight children in 
Sindo were 9.4% moderate and 1.9% severe. There was more stunting 15.1% moderate and 5.7% severe 
stunting. Only 1.9% was moderately wasted in Sindo. In Ongayo, 3.6% were moderately underweight, 
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8.9% moderately stunted, 1.8% severely stunted and 12.5% moderately wasted.1.8% were severely 
wasted
The above findings indicate that there are younger mothers in Sindo compared to Ongayo. This could 
contribute to the disparities in the nutritional status of children in the two areas. Fewer children in Ongayo 
are underweight and stunted but a slightly higher number is stunted. It is apparent that parents in Sindo 
are more economically able compared to those in Ongayo. Most of them are employed and earn higher 
wages/salaries but this does not translate to better nutritional status of their children. Food production is 
also higher in Ongayo compared to Sindo as well as livestock rearing. This may explain why children in 
Ongayo are better nourished than those in Sindo. However, food production is not adequate in the 
households in both areas as it is apparent that a lot of people buy food more than they produce from their 
farms.  Since the rate of unemployment is high in Ongayo, the mothers and caregivers may be spending 
more time with the children at home thus taking better care of them. Soybean growing and utilization is 
minimal in both areas. For those that grow soybean, the acreage allocated to the crop is too little to 
produce the quantity that can be used to improve and maintain higher nutritional status of the children and 
the household in general. The Nutrition Education being offered in schools will help to enlighten people 
on the benefits of consuming soy products and the need to increase production. 
The rate of orphan hood among school children is a concern and should be addressed. This is especially 
so when the family breadwinner is deceased and the family cannot obtain adequate food. Some children 
come to school hungry and look forward to the porridge provided at mid morning break. For some, this is 
the only food till the evening meal. Food supplementation in schools will go a long way in improving the 
health and nutrition of school children.  
Effect of intercropping on nutritional value of grain amaranth and soybean among HIV/AIDS 
affected rural households of Western Kenya. 
M. Ng’ang’a, O. Ohiokpehai, R. Muasya, E. Omami and N. Sanginga 
Moi University, Kenya; TSBF-CIAT, Kenya 
In Sub-Saharan Africa, food insecurity and the HIV/AIDS crisis represent priority issues for agricultural 
and rural development (Gari J. 2000). In addition, the HIV/AIDS epidemic is undermining the labor and 
economic foundations of poor rural households, therefore aggravating their food insecurity, deepening 
their poverty, and limiting their coping capacities. However, according to AMPATH-Kenya (2007), 
nutrition is essential for people living with HIV/AIDS, and plays a major role in boosting the body’s 
immune system hence the importance of promoting foods high in nutritional content.  
According to Doreen M. (2007) soybean could help combat HIV/AIDS. Because protein requirements of 
HIV-infected persons jump 50 to 100 percent higher than normal levels, soy is apparently well suited to 
meet many of the food and nutrition challenges faced by people with the disease. Similarly, many 
published literature have documented the relative importance of amaranth in Kenya and the rest of the 
world. Its dietary composition stimulates the body defense mechanism to retard the progression of 
HIV/AIDS virus, and as such it one of the food crops that hold the key to fighting the HIV/AIDS scourge.  
However, soybean has been used in many parts of world but was introduced recently in Kenya. This 
therefore means that very little research has been conducted to evaluate its importance in agronomy, and 
yield under intercrops with other plants as well as its role in the HIV/AIDS management in the country. 
The grain amaranth too is indigenous to Kenya and many communities are ignorant of its role in health 
hence the need to promote it amongst rural households suffering from food insecurity and nutritional 
deficiencies.  
Soybean-amaranth intercrop system may therefore help the small-scale farmers to boost their food 
security and replenish their farms, which are low in soil fertility while raising income levels as well as 
reducing the progress of HIV/AIDS among the affected. The objective of this study was therefore to 
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determine the effect of using a best-bet agronomic practice on the protein content of soybean and 
amaranth grains and amaranth leaves and Vitamin A content of Amaranth leaves.  
Site Description 
The experiment was carried out from two sites in Teso district for two seasons from March 2006 to 
November 2007. 
Site 1- Soils on Bottomlands 
Soils developed on infill mainly from undifferentiated Basement system Rocks. Very deep, very dark 
grey  to brown , mottled friable to firm, Sandy clay to clay, often abruptly underlying  a topsoil of friable 
sandy clay loam. (Dystric PLANOSLS; with pellic VERTISOLS, vertic and humic GLEYSOLS and 
Plinthic ACRISOLS). 
Site 2- Soils on Hills and Minor scarps 
This has a complex of excessively drained, shallow stony or rocky soils of varying color, consistence and 
texture) dystric REGOSOLS; with ferralic CAMBISOLS, lithic phase and Rock outcrops). Soils are 
developed on granites. 
Field operations 
The crops varieties planted were the dual purpose soybean variety SB20 and A. hybridus for soybean and 
amaranth crops obtained from TSBF-CIAT and Simlaw seeds respectively. During both seasons, the 
crops were sown at a distance of 50 cm between soybean rows and 33.5cm between amaranth rows in 
double rows intercrops. Planting was done at an interval of 33cm between soybean and amaranth rows in 
single rows intercrops. For pure stands, amaranth was planted at an interval of 30 cm and soybean at 45 
cm between rows. Intra-row spacing was 5cm and 10cm for soybean and amaranth crops respectively in 
all planting methods. The individual plot area was 3m×3m. Prior to planting, all plots were given a basal 
application of 100 kg N ha-1 and 60Kg P ha-1   as C.A.N and TSP respectively.  All P and N fertilizers 
were evenly broadcast and incorporated into the top 20 cm of the soil prior to sowing. Weeding was 
carried out only twice during each cropping season. 
Data collection 
Harvesting of amaranth and soybean grains was carried at maturity at two months and three months 
respectively in both seasons on both sites. Amaranth leaves were harvested six times at one week interval 
14 days after germination. The grains were dried at 13% moisture content prior to analysis while 100g of 
fresh amaranth leaves were sampled for either protein or vitamin A analysis. Protein content analysis was 
carried out using micro-kjedhal method while vitamin A analysis was determined using a procedure from 
AOAC.
Preliminary results 
This was high in soybeans harvested from site 1 compared to those harvested in site 2 probably because 
the soils in site 1 were very fertile and high in Nitrogen content. The protein content was also highest in 
double row intercrops since there was no competition unlike in single rows or sole crops where 
competition was very high. However, there was no significant difference in protein content of soybeans in 
sole stand compared to the soybean crop planted in double rows (Figures 64, 65, 66 and 67).  
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Figure 64. Protein content of amaranth and soybean in site 1 during the first planting season
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Figure 66. Protein content of amaranth and soybean in site 1 during the second planting season  






































































































Amaranth grain protein content 
This was higher in grains harvested in site 1 since the soils were very fertile compared to soils in site 2. 
The protein content also increased during the second season although the difference was not significant. 
Protein content of amaranth grains planted using single rows was slightly higher than of those planted 
using double rows although the difference was not significant. However there was a significant difference 
of amaranth planted in single or double rows compared to sole amaranth (Figures 64, 65, 66 and 67). 
Amaranth leaf protein content 
This was higher in site 1 where soils were of high fertility levels than in site 2. Amaranth planted in single 
rows had slightly higher protein content although it was not significantly different from amaranth planted 
in double rows. Amaranth planted in single rows had a significant difference in protein content compared 
to sole crops (Figures 64, 65, 66 and 67). 
Vitamin A content of amaranth leaves. 
This increased significantly in the second season especially in site 2. There was a significant difference of 
levels of vitamin content in site 1 compared to site 2 in both seasons (Fig 68).  
Figure 68. The effect of intercropping on the vitamin A content of the amaranth leaves 
Preliminary conclusions 
Protein content of both grains was greatly influenced by the amount of nitrogen available in the soils. This 
means that, for production of quality grains, the soils must be very fertile therefore confirming the 
importance of  using double rows intercropping system as a best bet method in increasing food security 
high in nutritional value.  Similarly, the levels of vitamin A content of amaranth leaves also depended on 
soil fertility as it was significantly higher in site 1 than site 2 and increased during the second season in 
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Effect of soybean (Glycine max) supplementation on the nutritional status of HIV affected children 
aged 6-9 in selected schools in Suba District, Kenya 
O. Ohiokpehai1, G. Were2, J. Kimiywe3, J. Kamau3, B. Kingolla1 and N. Sanginga1
1TSBF-CIAT, 2Moi University, 3Kenyatta University  
The HIV epidemic has become a serious health and development problem in sub-Saharan Africa (SSA). 
Estimates indicate that over 40 million people are currently living with HIV/AIDS worldwide, more than 
70% of whom are in SSA (UNAIDS 2005). The toll HIV/AIDS has taken on women and children is 
particularly acute.  
The World Health Organization reported that approximately 8 million children had acquired the AIDS 
causing virus globally by the year 2000 since the epidemic begun and 3.6 million had already died (WHO 
2002). The HIV prevalence rate in Kenya is 6.7%. Suba district has the highest prevalence in Kenya at 
41% (KDHS, 2003). It is estimated that there are 12 million AIDS orphans in SSA with 1.1 million in 
Kenya alone (MOH 2001). Statistics indicate that the number of AIDS orphans increased in primary 
schools in Kenya from 43,359 in 1990 to 965,975 in the year 2000. The number of HIV/AIDS orphans in 
Suba district is estimated to be 5,072 (KDHS 2003). These children are vulnerable to malnutrition, poor 
health, impaired learning and early school dropout. Yet despite these difficulties, there are no school 
feeding programs in Suba district. Soybeans provide food of choice for the nutrition of malnourished 
individuals. Besides being a cheap source of protein locally produced, they contain high protein and fat 
content and the micronutrient level is higher than other locally produced legumes. 
This paper presents preliminary findings of a study in which HIV affected children aged 6-9 attending 
primary school and enrolled in classes 1, 2 and 3 in selected schools in Suba district were served with 
porridge made from corn-soy blend as a mid-morning snack for three months. The children were 
monitored every month for 6 months. 
Subjects
The experimental research design was employed in this study. Three schools were selected for the study 
namely; Sindo, Lambwe and Ong’ayo primary schools. A sample frame of HIV orphaned children and 
other vulnerable children enrolled in class 1, 2 and 3 were prepared with the assistance of the head 
teachers. The non-probability sampling strategy was used to identify 50 children from each school. Sindo 
and Lambwe primary schools formed the study group and were on the feeding program while Ong’ayo 
primary school formed the control and was not on the feeding program. Therefore a total of 150 children 
from both farming and fishing communities in Suba district formed the study sample. 
Methods and materials 
Structured questionnaires administered to mothers/caretakers of the children were used to collect data on 
the socio-economic, demographic food consumption patterns and prevalence of morbidity. Biochemical 
tests were done on the index child at baseline to determine their haemoglobin levels, serum albumin, zinc 
and serum retinol. (This will be repeated at 3 months and at 6 months). Anthropometric measurements 
height and weight were carried out on the children using standard anthropometric procedures. Body 
weight was taken with minimum clothing using an electronic scale (SECA) to the nearest 0.1kg. Height 
was taken while the child was standing using a stadiometer to the nearest 0.1cm. A non-stretchable arm 
circumference tape was used to take mid-upper-arm circumference (MUAC). These measurements were 
taken at baseline and will be repeated every month for 6 months. 
Data was edited and entered into a computer software program. Data from the questionnaire was analyzed 
using the Statistical Package for Social Scientists (SPSS) for Windows (version 11.5). A p-value of <0.05 
was considered significant. Anthropometric data and food consumption data was analyzed using the 
Nutri-Survey computer software program. Biochemical analyses were done at KEMRI laboratories 
Nairobi.
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Cut off points 
Anthropometric measurements were computed for nutritional status indicators WA, HA & HW according 
to the guidelines by the National Centre for Health Statistics (NCHS-WHO) growth curves. Children with 
WA, HA & HW values <-2 std deviations of the reference population were considered malnourished. 
Values <-3 STD deviations of the reference population were considered severely malnourished. MUAC 
values >13.5 were considered normal, 12.5-13.5 mildly malnourished while values <12.5 severely 
malnourished. 
Expected results 
1. Both the study groups, Lambwe and Sindo primary schools are likely to show a steady increase in 
growth of the children during the monthly evaluations compared to the control at Ong’ayo 
primary school mainly due to the feeding. 
2. There will be an overall reduction in prevalence in morbidity in both the study schools, Lambwe 
and Sindo primary schools. This will be attributed to the feeding on corn-soy blend. However, 
general reduction may be observed among all the study subjects because of the vitamin A 
supplements and mosquito nets that were given to all of them. 
3. There will be a notable reduction in school absenteeism and dropout rate and an increase in 
attention span among the children in the feeding program. 
4. Children in farming communities are likely to have a higher increase in growth due to a wider 
variety of foods available from the farms in comparison to children in fishing communities this 
could be due to insufficient fish available to individuals at the house hold level, a common 
observation among fishing communities. 
Preliminary conclusions 
1. Soybean supplementation enhances the nutritional status and overall growth of children. This is 
due to the protein and caloric content. 
2. Micronutrients present in the soybeans boost immunity and reduce prevalence of morbidity. 
3. Presence of school feeding program increases attention span, reduces dropout rate absenteeism 
and improves academic performance. The community should therefore work towards the 
sustainability of the feeding program after the project comes to an end. 
Effect of soybean (Glycine max) supplementation on the nutritional status of HIV + children 6-59 
months in Suba District, Kenya 
O. Ohiokpehai, G. Were, J. Kimiywe, J. Okeyo, G. Mbagaya, N. Sanginga 
TSBF-CIAT, Kenya; Kenyatta University, Kenya; Moi University, Kenya  
Human Immunodeficiency Virus and Acquired Immune Deficiency Syndrome (HIV/AIDS) has emerged 
as one of the most serious health situations facing the developing world with consequences that reach far 
beyond the health sector. Modest estimates indicate that over 40 million people are currently living with 
HIV/AIDS worldwide, more than 70% of whom are in sub-Saharan Africa (UNAIDS, 2005). The toll 
HIV and AIDS has taken on women and children, is particularly acute. According to the World Health 
Organization (WHO) approximately 8 million children had acquired the AIDS causing virus globally by 
the year 2000 since the epidemic begun and 3.6 million had already died (WHO, 2002). In Kenya, it is 
estimated that 25,000 children acquire HIV every year and about 100,000 are currently living with 
HIV/AIDS. 
Mother to child transmission (MTCT) contributes 90% of all paediatric HIV infection globally, while the 
remaining 10% is caused by sexual abuse, blood transfusion and exposure to infected blood (Piwoz & 
Preble, 2000; FANTA, 2001). Effect of AIDS related morbidity and mortality on HIV infected children is 
particularly acute. These children have a weak immune system and are thus likely to be more susceptible  
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to infection. One of the most critical health and welfare problems among infants and young children 
living with HIV/AIDS in the world today and playing a significant role in their death is malnutrition. 
Even if the child is mildly malnourished, the mortality risk is increased in event of infection (Piwoz et al., 
2000). High rates of malnutrition have been reported as one of the factors responsible for the rapid disease 
progression in children. Prevention of malnutrition among HIV positive children is therefore likely to 
have a positive impact to their life.  
This paper discusses the preliminary findings from the study in which HIV + children aged 6-59 months 
were fed on porridge made from corn-soy blend for 3 months and their nutritional status monitored every 
month for 3 months during the feeding period. 
The two research sites were  at Suba District Hospital (SDH) and Mbita health centre (MHC) because 
they have a successful prevention-of-mother-to-child infection (PMTCT) and patient support care (PSC) 
programs. The study targeted HIV positive children aged 6-59 months attending antenatal clinic at SDH 
and MHC. A sample frame of 100 children registered at the PMTCT and PSC clinic at each site was used. 
Simple random sampling procedure was used to select 50 children 25 from each hospital who formed the 
study sample. 
Structured questionnaires administered to mothers/caretakers of the children were used to collect data on 
socio-economic, demographic, food consumption and prevalence of morbidity. Biochemical tests were 
done on the index child at baseline (and after 3 months) to determine their haemoglobin levels, serum 
albumin, full blood count and CD 4 percentage. Anthropometric measurements height and weight were 
carried out on the index child using standard anthropometric procedures. Body weight was taken with 
minimum clothing using a salter scale calibrated to the nearest 0.1kg height was taken using a length 
board calibrated to the nearest 0.1cm. A non-stretchable arm circumference tape was used to take mid-
upper-arm-circumference measurement (MUAC). 
Data was edited and entered into computer software for analysis. Data from the questionnaires was 
analyzed using the Statistical Package of Social Scientists (SPSS) version 11.5. While anthropometric and 
dietary intake data was analyzed using the Nutri-Survey computer software. Biochemical analyses were 
done at KEMRI laboratories in Nairobi. 
Expected results 
1. The children in the study sample will show a steady increase in the nutritional status as  
seen in the WA, HA and WH values. This will be attributed to the feeding. 
2. There will be an overall reduction in morbidity patterns and infection rate among the children. This will 
be attributed to the micronutrients in the corn-soy which boost immunity. 
Preliminary conclusions 
1. Soybean supplementation enhances the nutritional status and health of HIV positive children. 
2. The micronutrient content in the corn-soy blend boosts immunity therefore reduces infection   
rate among HIV positive individuals.  
The use of training in soybean processing and utilisation as vehicle of knowledge dissemination and 
scale-up
O. Ohiokpehai, B. King’olla and N. Sanginga 
TSBF-CIAT, Kenya 
The proven and tested technologies through the project was shared with partners, patients and farmers. 
This sharing of knowledge was used as a method of scaling up and strengthening alliances. 
`
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Training was carried out in Eldoret, Butere, Mumias, Migori and at Suba District (Figure 69) by 
introducing soybean processing and utilization (Figure 70). For all the sites, we used different training 
techniques, depending on the community’s practices and preferences. Soybean introduction vis-à-vis 
processing was combined with hygiene and sanitation and processing of food products. The following 
topics were included: HIV/AIDS and Nutrition awareness, basic business management, and Money 
issues.
However the following topics were covered during the ToT to improve on finished product quality: (i) 
Hygiene and sanitation, (ii) Basic business management, (iii) Nutritional education, (iv) Nutrition as it 
relates to HIV, (v) Entrepreneurial awareness, (vi) Gender issues, (vii) Money matters, and (viii) 
Packaging and labeling. As shown in Figure 70 – In Eldoret for HIV patients the training adopted 
training of every two weeks for one full day (Table 58). The patients would come in to the farm and they 
would be taken through a training session for a whole day. This method was adopted as the patients could 
not be saddled with a heavy training schedule. At the end of four or five trainings, the patients were 
issued with certificates of attendance. This was a form of motivation to the patients to increase their 
interest in soybeans. The utensils used were supplied by TSBF. The number of training undertaken are 
shown below (Table 58), and training is continuing in AMPATH focusing on hygiene, sanitation and 
infant feeding with children whose mothers are HIV positive. 
Table 58.  Number of Patients Trained in Eldoret – AMPATH  








Eldoret (ToT) 16–20 January 
2006
3 12 15 
Mosoriot Rural Health Clinic 
(ToP)
21 Feb 2006 3 13 16 
Mosoriot Rural Health Clinic 
(ToP)
7 March 2006 3 13 16 
Mosoriot Rural Health Clinic 
(ToP)
21 March 2006 3 13 16 
Mosoriot Rural Health Clinic 
(ToP)
4 April 2006 3 13 16 
Mosoriot Rural Health Clinic 
(ToP)
18 April 2006  3 10 13 
Total Number of Patients 
Trained
 18 74 92 
ToT –Training of Trainers   ToP – Training of Patients 
Butere/Mumias – In Butere/Mumias (see Figure 70) the farmers met prior to the training days and 
planned for the activities facilitated by a trainer. The training was carried out for two days (Table 59). The 
farmers supplied the utensils used as per our advice. The topics covered during the training sessions 
included: (i) Food safety and Hygiene, (ii) Soybean and vegetable processing and utilization, (iii) 
Nutritional education, (iv) Basic business, (v) Packaging, and (vi) Labeling. 
Migori District – In Migori (see Table 59) we identified seven groups of farmers’ cooperatives. Training 
commenced with four cooperative societies, with 60 or more farmers trained on soybean processing and 
utilization. TSBF worked with facilitators trained previously in Butere/Mumias. Also, farmers were 
chosen as trainers to demonstrate to their fellow farmers that they had been trained in processing and 
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utilization of soybeans, as they had adopted consumption of soybeans, and it was possible to process 
soybean.
The farmers from Migori were identified through a sister project “Exploring multiple potential of 
soybeans in enhancing rural livelihood and small industry in East Africa.” These farmers had already 
planted and harvested soybeans, and were waiting to be trained on soybean processing. Before such ToF 
took place, participatory planning was carried out. For each training session the facilitators went into the 
villages and met with some of the participants and officers of the cooperative groups who participated in 
one or two-day planning. Decisions on venue, budget, utensils needs for the training, and other logistic 
issues were discussed during the planning. 
Ninety two patients were trained in Eldoret (Table 58). In Butere/Mumias and Migori the total number of 
farmers trained was 484 (Table 59). 
Table 59. Number of Farmers Trained in Butere/Mumias and Migori  











 24–28 October 2005 1 10 11 
Nabogo Panga Self Help 
Group – Mumias District 
(ToF)
3 December 2005 9 16 25 
Khwisero Location – 
Butere/ Mumias (ToF)  
14 & 15 February 
2006
7 16 23 
South Wanga Location – 
Butere/Mumias (ToF) 
21 & 22 February 
2006
6 14 20 
Meting Location –Butere/ 
Mumias (ToF) 
28 February & 1 
March 2006 
5 15 20 
Emabole Soya Farmers 
Group – Butere/Mumias 
(ToF)
19 & 20 April 2006 7 23 30 
Jitolee Women’s  
Group – Butere/Mumias 
(ToF)
3 & 4 May 2006 5 25 30 
Stella Rayudth Soya Group 
–
Uriri Farmer’s Co-
operative Migori District 
(ToF)
19–20 June 2006 7 70 77 
Kakamasia Suna Farmers 
Cooperative, Migori 
District (ToF) 
21–22 June 2006 7 70 77 
Osogo Ronga Farmers 
Cooperative, Migori 
District (ToF) 
23– 4 June 2006 18 66 84 
Amoso Soya Bean Project 26–27 June 2006 4 83 87 
Total Number of 
Farmers Trained 
 76 408 484 
ToT – Training of Trainers  ToF – Training of Farmers 
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Figure 69.  Target villages for training 
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Figure 70. Farmers / patients processing soybean products  
Improving cereal productivity and farmers’ income using a strategic application of fertilizers in 
West Africa 
R. Tabo1*, A. Bationo2, B. Gerard1, J. Ndjeunga1 , D. Marchal3, B. Amadou3, M. Garba Annou4, D. 
Sogodogo5, J-B. Sibiry Taonda6,  O. Hassane1, M. K. Diallo1 and S. Koala1
1ICRISAT, Niamey, Niger; 2TSBF-CIAT, Kenya; 3FAO, Niamey, Niger; 4INRAN Niamey, Niger; 5IER, 
Cinzana, Mali; 6INERA, Burkina Faso  
In the past two years, ICRISAT, in collaboration with other International Agricultural Research Centres, 
National Agricultural Research and Extension Systems) has been evaluating and promoting point or hill 
application of fertilizer along with “Warrantage” in three West African countries, namely, Burkina Faso, 
Mali and Niger.  The hill application of fertilizers consists of applying small doses of fertilizer in the 
planting hills of millet and sorghum. The combination of strategic hill application of fertilizer with 
complementary institutional and market linkages, through an inventory credit system (known as 
“Warrantage”) offers a good opportunity to improve crop productivity and farmers’ incomes. Results 
from the two year on-farm trials showed that, on average, in all the three countries, grain yields of millet 
and sorghum were greater by 44 to 120 %  while  incomes of farmers increased by 52 to 134 % when 
using hill application of fertilizer than with the earlier recommended fertilizer broadcasting methods and 
farmers’ practice. Substantial net profits were obtained by farmers using “Warrantage”. Farmers’ access 
to credit and inputs was improved substantially through the “warrantage” system. The technology has 
reached up to 12650 farm households in the three countries and efforts are in progress to further scale-up 
and out the technology to wider geographical areas. 
Responses of Maize-Bean Intercrops to Minjingu Phosphate Rock and Lime in Terms of Nutrient 
Use Efficiency and Economic Benefits on Acid Soils of Western Kenya 
A. O. Nekesa1, J. R. Okalebo1, C.O. Othieno1, R. Njoroge1, M. Kipsat1, M. Thuita1, and A. Bationo2
1Moi University, Kenya; 2TSBF-CIAT, Kenya
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Low inherent soil fertility in the highly weathered and leached soils largely accounts for low and 
unsustained crop yields in most African countries. But in particular, the major nutrients, nitrogen (N) and 
phosphorus (P), are commonly deficient in these soils. This scenario of nutrient depletion is reflected in 
food deficits and hence the food aid received continuously, specifically in sub-Saharan Africa. 
Undoubtedly, substantial efforts have been made in the continent to replenish the fertility of degraded 
soils in attempts to raise crop yields, towards self-sufficiency and export. Such efforts consist of 
applications of both organic and inorganic resources to improve the nutrient status of soils and enhanced 
nutrient uptake by crops, provided that soil moisture is adequate. Overall, positive crop responses to these 
materials have been obtained. Thus in the East African region, maize (staple) yields have been raised in 
one growing season from below 0.5 t ha-1 without nutrient inputs, to 3–5 t ha-1 from various nutrient 
amendments at the smallhold farm level. However, in spite of the positive crop responses to nutrient 
inputs, farmers are generally slow to adopt the soil fertility management technologies. In this paper we 
review the impact of some technologies, focussing the use of nutrient resources of different characteristics 
(qualities) in relation to improved crop yields, with an overall goal to enhance technology adoption. Thus, 
inorganic resources or fertilizers often give immediate crop responses, but their use or adoption is rather 
restricted to large-scale farmers who can afford to buy these materials. Organic resources, which include 
crop residues, water hyacinth and agroforestry shrubs and trees, are widely distributed, but they are 
generally of low quality, reflecting the need to apply large quantities to meet crop nutrient demands. 
Moreover, most organics will add N mainly to soils. On the other hand, phosphate rocks of varying 
reactivity are found widely in Africa and are refined elsewhere to supply soluble P sources. The recently 
developed soil fertility management options in East Africa have targeted the efficient use of N and P by 
crops and the integrated nutrient management approach. Some people have also felt that the repackaging 
of inputs in small, affordable quantities, such as the PREP-PAC described in this paper, may be an avenue 
to attract smallhold farmers to use nutrient inputs. Nonetheless, crop responses to nutrient inputs vary 
widely within and across agroecozones (AEZs), suggesting specificity in recommendations. We highlight 
this observation in a case study whereby eight soil fertility management options, developed 
independently, are being tested side-by-side at on-farm level. Farmers will be empowered to identify 
technologies from their own choices that are agronomically effective and economically friendly. This 
approach of technology testing and subsequent adoption is recommended for technology development in 
future.
An Approach for promoting a versatile crop that has remained minor: Case of soybean in the 
farming systems of Kenya
J. N. Chianu1, O. Ohiokpehai1,  B. Vanlauwe1,  A. Adesina2, and N. Sanginga1
1TSBF-CIAT, Kenya; 2Rockefeller Foundation, Kenya 
Soybean is an important food, feed oil and cash crop in the world. Efforts to promote it in sub-Saharan 
Africa led to mixed results with success in Nigeria and Zimbabwe and failures in Kenya because of (i) 
lack of awareness on processing/utilization, (ii) low yield and (iii) lack of market. This paper aims at 
using the understanding of the reasons for success in Nigeria and Zimbabwe and the missing links that led 
to failure in Kenya to create a model for sustainable soybean promotion in Kenya. Results show how the 
model increased the confidence of farmers to produce soybeans for home consumption and the market 
since industrial food/feed processors have guaranteed import substitution at a mutual beneficial price. 
Other partners in the strategic alliance for sustainable soybean promotion in Kenya provide credit, 
mineral fertilizer and know-how on other aspects of value addition all of which enhance soybean yield.
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Output target 2009 
? Validated intensive and profitable systems are being demonstrated, promoted by partners and 
adopted by farmers in 10 countries 
Published work 
Maithya, J. M.,  Kimenye, L. N.,  Mugivane, F. I. and Ramisch, J. J. (2006). Profitability of agro-
forestry based soil fertility management technologies: the case of small holder food production in 
Western Kenya. Nutrient Cycling Agroecosystem 76: 355–367 
Abstract: Persistent food insecurity accompanied by low and declining farm household incomes are a 
common feature of many small holder maize and bean producers in western Kenya. This has been largely 
attributed to soil nutrient depletion, among other factors. One way of addressing soil fertility problems in 
many maize-based cropping systems is the use of agro-forestry based technologies. We carried out a 
survey in western Kenya (Vihiga and Siaya districts) aimed at analyzing the financial and social 
profitability of use of agroforestry based (improved tree fallows) and other soil fertility management 
technologies among small-holder farmers. The Policy Analysis Matrix (PAM) was used to determine the 
financial and social profitability of different production systems, which were categorized on the basis of 
the technology used to address soil fertility. Farm budgets were first prepared and in turn used to 
construct the PAMs for six production systems namely: maize–bean intercrop without any soil fertility 
management inputs; maize–bean inter-crop with chemical fertilizers only; maize–bean intercrop with a 
combination of chemical fertilizers and improved fallows; maize–bean intercrop with improved fallows 
only; maize–bean intercrop with a combination of improved fallows and rock phosphate; and maize–bean 
intercrop with Farm Yard Manure (FYM) only. Results revealed that use of chemical fertilizers with 
improved fallows was the most profitable technology and thus the study recommended that farmers be 
encouraged to intensify the use of chemical fertilizers. To make chemical fertilizers more accessible to 
farmers, the study also recommended that good linkages be made between farmers and micro credit 
institutions so that small-scale farmers are not actually biased against due to lack of collateral when credit 
is being advanced to clients. 
Odendo1, M., Ojiem1, J., Bationo2, A. and Mudeheri1, M. (2006) On-farm evaluation and scaling-up 
of soil fertility management technologies in western Kenya. Nutrient Cycling Agroecosystem 76: 
369–381 
1KARI, Kenya; 2TSBF-CIAT, Kenya
Abstract: Low soil fertility is a fundamental constraint to crop production in western Kenya. Although 
researchers have developed many soil fertility-improving technologies, the adoption of these technologies 
is low due to inadequate awareness of the technologies, poor access to requisite resources and 
unsuitability of the technologies to the farmers’ conditions. On-farm experiments were conducted during 
the 2002/2003 long rain cropping seasons in two village clusters in Vihiga and Kakamega Districts in 
order to: (1) introduce farmers to selected soil fertility-improving options and elicit farmers’ evaluation of 
the options; (2) assess the economics of the selected soil fertility management options under standard 
farming conditions; (3) compare the farmers’ evaluations with the results of an economic assessment. 
Five treatments were suggested to the farmers and through consensus, they ultimately chose to test three: 
(1) 5 tons ha–1 FYM (Farm Yard Manure); (2) 60 kg P ha–1 plus 60 kg N ha–1 (chemical fertilizers); (3) 
2.5 tons ha–1 FYM plus 30 kg P ha–1 (chemical fertilizers). These were assessed concurrently with 
farmers’ accepted practice, using maize as a test crop. Farmers were involved in the routine management, 
monitoring and evaluation of the experiments, and field days were held to introduce more farmers to the 
technologies. The results of this investigation show that the application of 30 kg P plus 2.5 tons FYM ha–1
gave economically viable returns that remained viable even under a projected decline in maize yield and 
an increase in the price of fertilizers. This treatment was also the most preferred option of the farmers. 
251
The results of this study should be used for validation of the promising options and planning of future 
experiments. 
Completed work 
Participatory Diagnosis in the Eastern Drylands of Kenya: Are Farmers aware of Their Soil 
Fertility Status? 
J.M. Kimiti1, A.O. Esilaba2, B. Vanlauwe3 and A. Bationo3
1, 3TSBF-CIAT, Nairobi, Kenya; 1KARI, Nairobi, Kenya 
A participatory diagnosis (PD) was carried out in Makueni District, eastern Kenya, with a view of 
identifying farmer awareness on soil fertility status so as to identify gaps for research on soil fertility 
improvement. The results indicate that farmers are aware of soil types, soil characteristics soil, soil 
fertility status and soil distribution of different soil types in their villages. In addition, the farmers are 
aware of declining soil fertility, which they attributed to soil erosion, continuous cropping, poor methods 
of cultivation, and inadequate farm inputs. The farmers use farmyard manure to improve soil fertility and 
are aware of the quality of different manures used in their farms. The types of farmyard manures as 
ranked by famers in decreasing quality are poultry manure>goat manure>cattle manure. However it was 
revealed that cattle manure is commonly used because it is readily available though not adequate. Crop 
residues, especially those of grain legumes, are also used for soil fertility improvement. In this paper the 
results of farmer participation research meetings with emphasis on soil fertility management in eastern 
Kenya are discussed.
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Output targets 2009 
? The contribution of multiple stress adapted germplasm in driving overall system resilience is 
understood for the conditions occurring in all mandate areas 
Progress towards this output target will be reported next year. 
Output target 2009 
? Products of the trade-off analysis are guiding the introduction and evaluation of alternative 
NRM options, better suited to the farmer production objectives and the environment of the 
actions sites 
Progress towards this output target will be reported next year. 
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Progress towards achieving output level outcome 
? Partners promoting resilient production systems with multiple benefits (food security, income, 
human health and environmental services)
Farmers in Africa and Latin America are evaluating actively crop components and management 
technologies having benefits on food security, income generation and soil fertility. Improved lines of 
Cowpea and Lablab purpureus have been selected by farmer groups in Kenya and Uganda for their 
contribution to human consumption, increased fodder availability and improved soil fertility. Small 
farmers in the Cerrados of Brazil are increasing milk production by introducing drought-tolerant forage 
legumes in their pastures. Market-led crop options such as soybean and vegetables will play a major role 
in generating income for small farmers in Africa, provided that sustainable markets are developed and 
alternative uses explored. Preliminary results are promising. The combination of resistant maize varieties 
and improved soil fertility is showing potential to reduce Striga emergence in maize fields in western 
Kenya.  
Progress towards achieving output level impact 
? Improved resilience of production systems contribute to food security, income generation and 
health of farmers 
The new production systems under development by the TSBF team and their collaborators in Africa and 
Latin America will have a positive impact on crop productivity and profitability in the short term. This 
will be translated into improved food availability at the household level and greater chances to link 
agricultural production of smallholder production systems with market demands. Soybean crop will 
become an important component of production systems if production, processing and marketing 
bottlenecks are solved. 
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Output 5 
Sustainable land management for social profitability 
developed, with special emphasis on reversing land 
degradation
255
Output 5:  Sustainable land management for social profitability developed, 
with special emphasis on reversing land degradation  
Rationale
Strategic and component research to date has been conducted largely at the plot or field scale, where 
interactions among various agricultural enterprises are seldom considered. Although TSBF-CIAT’s 
strength remains at the plot level, the diversity of forces impinging on the plot naturally draws attention 
towards a hierarchical systems-based approach. The next generation of work will be at higher scales, 
particularly the farm and landscape scales. The rationale for working at the farm scale is the need to 
improve nutrient use efficiency through better allocation of the limited organic and inorganic resources 
among different enterprises, taking into consideration inherent soil variability within the farming system. 
Inadequacies in supplies of both organic and inorganic nutrients have created strong fertility gradients 
even within the smallest farms. Smallholder farmers typically remove harvest products and crop residues 
from their food producing ‘outfields’ and devote their scarce soil inputs to their smaller market ‘infields’, 
resulting in large differences in soil productivity over time between these two field types. Understanding 
how to manage the limited nutrient supplies across such fertility gradients is a key component in raising 
productivity in fields of staple crops.  
Interest in the quality and health of soil has grown with the recognition that soil is vital not only to 
production of food and fiber, but also the smooth functioning of the ecosystem, and overall environmental 
stability. Agriculture needs economically viable and ecologically sound soil management practices that 
provide sufficient food and yet maintain environmental stability, ecological integrity, and the quality of 
essential resources. Strategies for sustainable management include conserving essential soil components, 
minimizing erosion, balancing production with environmental needs, and making better use of renewable 
resources. In this regard, soil health is a major indicator of sustainable management. Criteria for indicators 
of soil health are useful in defining ecosystem processes and sensitivity to managements and climatic 
variations and in integrating physical, chemical and biological soil properties. Numerous experts e.g.
agricultural specialists, producers, conservationists, and policy makers, etc might extensively need those 
criteria and data for sustainable management practices. Although soils gain certain biological, chemical 
and physical properties within a given ecosystem, the ultimate determinant of soil productivity, 
sustainability and health is the land manager. The assessment of health and quality of soil is the primary 
indicator of sustainable management and environmental remediation. Examples given include approaches 
for assessing soil health, defining the economic and environmental sustainability of land management 
practices, and translating our science into practice. 
Environmental services, particularly hydrological response and soil erosion control, can be managed 
effectively only at larger landscape scales. Research at the watershed scale is critical in the tropical 
regions, and given that projections indicate that eastern and southern Africa, and Central America will be 
critically short of water in the coming decades, extending TSBF-CIAT’s research agenda into this area is 
warranted. Research projects funded by the Water and Food Challenge Program for the Volta in West 
Africa basins and on the Quesungual systems in Central America are providing the opportunity to address 
constraints related to water and its interaction with soil fertility and other environmental challenges. 
Research conducted with partners in regional networks and consortia and the GEF-UNEP funded BGBD 
project is contributing to development and promotion of sustainable land management (SLM) practices. 
To see ISFM principles applied by a wide variety of actors at scales ranging from the farm level to the 
national or continental levels means addressing the problems of how to use knowledge gained at one scale 
to interpolate or extrapolate knowledge for decision making at another scale. In recent years TSBF and 
other natural resource management programs have confronted the challenge of extending their research 
256
findings for successful impact on farm. Conveying the numerous components and complexity of 
interactions involved in natural resource management is very different from the extension of new crop 
varieties through demonstration plots. In the latter, the results are quick and easy to see, whereas the 
results and possible benefits of natural resource management strategies may not be readily apparent and 
often take time to manifest themselves. The rise of the participatory movement in agricultural research 
has also emphasized the importance of responding to farmers’ perceptions and needs rather than assuming 
that formal science provides solutions in its own right.  
Key research questions 
1. What is the minimum set of social, economic and biophysical indicators for preventing and 
reversing land degradation? 
2. What are the drivers of land degradation? 
3. Does hot-spot management provide a driver for wider-scale investment in ISFM? 
4. What are the stakeholders, technologies and incentives necessary to enable SLM? 
5. What are the global benefits (ecosystem services) from SLM? 
Highlights
? Since a wide range of biophysical (e.g. climate, soil fertility, etc.) and socio-economic variables 
(e.g. preferences, prices, production objectives etc.) influence the use of legumes in smallholder 
systems, the ‘socio-ecological niche’ concept provided the framework through which the major 
biophysical and socio-economic constraints to legume adoption could be simultaneously 
identified and addressed. The socio-ecological niche, in any given region of agricultural activity, 
is created by the convergence of agro-ecological, socio-cultural, economic and ecological factors, 
to describe a multidimensional environment for which compatible technologies can be predicted. 
Two case studies demonstrated its practical significance.  
? A simulation model that operates at field scale (DYNBAL-N: DYnamic simulation of Nutrient 
BALances) was used to understand the mechanisms leading to differences in resource use 
efficiency within a farm. When tested against a wide range of maize yield data from on-farm 
measurements undertaken in western Kenya, reasonably accurate predictions were obtained. 
Simulation results indicated that the use efficiencies of the biophysical resources such as 
radiation, water and N varied across different fields of the farms, and were strongly affected by 
management decisions and soil fertility status.  
? In a set of trials in Central Kenya, evaluating the short- to long-term influence of organic resource 
quality on the quality and turnover of the soil organic matter pool, the fine-textured soil at Embu 
was more responsive to the input treatments than the coarse-textured soil at Machanga. Based on 
the results from Embu, the macroaggregate and microaggregate within macroaggregate fractions 
appear to be the most sensitive fractions to residue inputs.  Additionally, residue quality had no 
effect on C and N contents indicating that quality may be less important than quantity for soil 
organic C and N stabilization in this soil. 
? Population pressure and the need to maintain household food supplies have led to increase in land 
use intensity and natural resources extraction practices that degrade the environment in the 
savannas of northern Nigeria. This notwithstanding, some agricultural production practices were 
found to be environmental. 
? Proposed the application of bio-char (charcoal or biomass-derived black carbon (C) to soil as a 
novel approach to establish a significant, long-term, sink for atmospheric carbon dioxide in 
terrestrial ecosystems and to deliver immediate benefits through improved soil fertility and 
increased crop production. 
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? Assessed the environmental and socioeconomic effects of a Payment for Environmental Services 
scheme in Pimampiro, Ecuador. 
? Applied hydrological modeling to quantify environmental services in Andean Watersheds of 
Altomayo and Jequetepeque in Peru and Ambato in Ecuador.  
? Conducted a critical analysis of experiences with “payments for environmental services” (PES) in 
Latin America and identified compensation schemes that would promote rural investment and 
thus contribute to the development of Andean communities and the conservation of 
environmental services. 
? For a CDM (clean development mechanism) project to use carbon trading for promoting 
sustainable land management (SLM alternatives) that is in progress for land use conversion 
through silvopastoral systems and reforestation of marginal lands in the Caribbean savannas of 
Colombia, the team established the boundaries of the eligible target areas, characterized the 
baseline from the socioeconomic and carbon stock perspective and conducted ex ante calculation 




? Decision tools (GEOSOIL; Decision Tree) available for land use planning and targeting 
production systems in acid soil savannas 
Published work 
S. Zingore, and K.E.Giller (2006) Long-term dynamics of soil organic matter and its 13C signatures 
along cultivation chronosequences on contrasting Zimbabwean soils. Proceedings of the IAEA/FAO 
Special Workshop. World Congress of Soil Science, Philadelphia, USA. 
Abstract: Soil organic matter (SOM) is crucial to the sustainability of smallholder agriculture that relies 
heavily on nutrient mineralized from organic matter due to small amounts of fertilizers used. Long-term 
changes in soil organic carbon and nitrogen were measured on fields cultivated for different ages after 
woodland clearance for smallholder farming on three different soils: Kalahari sand (5% clay + silt), 
granitic sand (12% clay + silt) and a red clay soil (50% clay + silt).  A commercial farming site 
characterized by high external inputs was also studied on the red clay soil. Soil organic carbon (SOC) 
contents under reference woodlands were largest (53.3 t C ha-1) in the red clay soil, followed by the 
granitic sand (22.8 t C ha-1) and least (19.5 t C ha-1) in the Kalahari sand. Cultivation under smallholder 
management induced rapid loss of SOC, resulting in fields cultivated for less than 5 years. New 
equilibrium was attained within 10 years on all soils. Greatest losses occurred in soils that initially 
contained most carbon and nitrogen in the order: red clay (22.4 t C ha-1) > granitic sand (13.2 t C ha-1) > 
Kalahari sand (10.6 t C ha-1). On the clay soil, commercial farming with intensive use of mineral 
fertilizers and incorporation of maize stover led to more gradual decline: at equilibrium, contents of 
carbon and nitrogen were 15 t C ha-1 greater than on smallholdings with similar soil and climate. In the 
Kalahari sand, the ?13C value of organic C remained constant after woodland clearance, and maize 
contributed less than 10% of the total C even after 55 years. The 13C signature increased slightly with 
increasing duration of cultivation by smallholders in the granitic sands and red clay soil where maize 
contributed 29% and 35% of the C at equilibrium. Under more productive commercial farming, the 
carbon derived from maize accounted for 50% of the total after 10 years of cultivation and 67% at 
equilibrium. The persistence of woodland carbon in the sandy soil is attributed to chemical stabilization 
resulting from large concentrations of lignin and polyphenols in the tree litter, or as charcoal. 
P. Tittonell, S. Zingore, M.T. van Wijk, M. Corbeels,  and K.E. Giller (2006) Nutrient use 
efficiencies and crop responses to N, P and manure applications in Zimbabwean soils: Exploring 
management strategies across soil fertility gradients. Field Crops Research 100: 348-368. 
Abstract: The spatial variability in crop yields commonly observed in smallholder farms of sub-Saharan 
Africa is often caused by gradients of declining soil fertility with increasing distance from the homestead. 
This heterogeneity means that recommendations based on regional soil surveys are of limited value. The 
variability in soil qualities within farms must be considered when designing management strategies, and 
their feasibility analysed by integrating results at the farm livelihood scale. For this purpose, we have 
developed the model FARMSIM, a dynamic bio-economic model for analysis and exploration of trade-
offs in resource and labour allocation in heterogeneous smallholder farms. Focusing on farm-scale 
strategies, the approach to simulation of soil and crop processes in FARMSIM (the sub-model FIELD) is 
designed to be simple, but to keep the necessary degree of complexity to capture heterogeneity in 
resource use efficiencies. To test our approach, the sub-model FIELD was calibrated against 
chronosequences of woodland clearance in three agroecological zones of Zimbabwe (with soil textures of 
3, 10, 35% clay), and used to simulate: (i) the creation of soil fertility gradients, and (ii) different 
strategies of N, P and manure applications to maize and soyabean rotations in homefields and outfields of 
smallholder farms on clayey and sandy soils. The results of the simulation of management strategies were 
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tested against on-farm experimental data from Murewa, Zimbabwe. The model produced satisfactory 
predictions (r2: 0.6–0.9) of long-term changes in soil organic C, of crop responses to N and P and of 
nutrient use efficiencies across a wide range of yields and different field types. This demonstrated the 
broad applicability of the model despite the sparse data required for initialisation. However, the model 
results were less accurate in predicting crop responses to N and P applications in the outfields on sandy 
soils. Experimental evidence indicated yield limitation by Ca and Zn deficiencies in highly depleted 
outfields on sandy soils, which were not included mechanistically in the current version of FIELD. 
Repeated applications of 16 t ha-1 year-1 of manure allowed larger responses to applied N and P after 3 
years of experimentation; such a corrective effect of manure was simulated to be due to improved N and P 
recovery efficiencies in the model. In combination with the experimental data, the simulation results 
suggested that soil fertility gradients affect nutrient use efficiencies, operating mostly on the efficiencies 
of nutrient capture rather than conversion. A typology of fields according to the type of management 
interventions needed is introduced, based on a generic application of FIELD with this parameterisation. 
Completed work 
Plant growth, grain yields and nutrient uptake in a maize-bean rotation under different rates of 
phosphorus fertilizer and chicken manure on a Colombian volcanic-ash soil (Submitted to Eur. J. 
Agronomy).
J. G. Cobo1,2, O. Molina1, J. Ricaurte1, R.J. Delve2, M.E. Probert3, E. Barrios1 and I. M. Rao1 (2007) 
1TSBF-CIAT, Colombia; 2TSBF-CIAT, Zimbabwe; 3CSIRO, Australia
High P fixation in volcanic-ash soils results in sub-optimal crop responses to P application under farmer 
practiced continuous cultivation.  In this study, we evaluated two different sources of P-fertilizer, in two 
different experiments, at varying annual and residual rates of P application on a 4-year maize-bean 
rotation.  The first experiment (TSP) had annual and residual applications of triple super phosphate, and 
the second experiment (CM) had annual applications of chicken manure.  Shoot biomass and grain yields 
for maize and beans in both TSP and CM experiments were significantly different among treatments 
(p<0.05) and the response was proportional to increasing applications of P.  At the first cycle, maize 
yields ranged from 0.4 (control) to 5.9 t ha-1 (160 kg P ha-1) in TSP; while in CM maize yields ranged 
from 1.8 (control) to 6.5 t ha-1 (12 t manure ha-1).  Similarly, bean yields ranged from 30 to 780 kg ha-1 in 
TSP and from 343 to 1556 kg ha-1 in CM.  As expected, crop biomass and grain yield diminished in residual 
treatments of TSP after the first cropping cycle, with lower P applications having the greatest decrease in 
crop production.  However, effects from residual P treatments were higher than expected, possibly due to 
basal level of lime additions which presumably enhanced soil P-dynamics.  From the annual applications of 
P in TSP experiment only 40 kg P ha-1 yr-1 significantly increased biomass and grain yield with time, and 
cumulative crop response on this treatment after 4 years was statistically similar (p>0.05) to cumulative 
response from residual treatment of 160 kg P ha-1.  This suggests that ? 40 kg P ha-1 year-1, as triple super 
phosphate, could gradually build-up soil available P in these soils, and this practice is recommended against 
only one large P application at the beginning mainly due to lower risk involved.  In the CM experiment, 
maize biomass and yields followed increasing P-inputs, which reached a plateau at 12 t manure ha-1yr-1.
However, the second crop in the rotation (beans) had a greater crop response (p<0.001) with increasing 
applications of manure.  Because farmers currently use 3-6 t manure ha-1 yr-1 in the rotation, it seems that 
they intentionally balance between satisfactory yields, with low cost of inputs (i.e. manure and labor), 
versus greater yields with greater costs and risks involved. 
Response of maize-bean rotation to different rates of P fertilizer and chicken manure on a 
Colombian ash soil: IV Modelling response using APSIM. 
R.J. Delve1 and M.E. Probert2 (2007) 
1TSBF-CIAT, Zimbabwe; 2CSIRO, Australia 
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This paper reports progress in the development and testing of the APSIM modelling framework 
(Agricultural Production Systems Simulation Model; website www.apsim.info) towards functionality that 
can capture the release of N and P from various organic inputs, and for P from inorganic sources as well, 
and predict the growth of crops in situations where N and/or P is limiting.  To this end the phosphorus 
routines in the Maize module have been incorporated in the APSIM Plant module so that the simulation 
of any crop that uses this module can, in principle, respond to P.  In order to use this capability, the 
parameter set for any crop needs values for the critical P concentrations in the crop.  These are used to 
estimate P demand by the crop to meet its daily growth requirements.  Where the supply from soil is 
inadequate, the critical P concentrations determine the P stress being experienced, which is then used to 
reduce crop growth.
The experiments involving P inputs as fertilizer or chicken manure to a maize-bean cropping system were 
carried out to provide a data set that would be suitable for further testing of the model and extending its 
application to a different crop (namely bean).  The environment and soil (a very high P-fixing Andisol) at 
the Colombian location is in strong contrast to the soil in semi-arid Kenya on which the model was first 
developed.
 Site description: The experimental plots were located at CIAT’s ‘San Isidro’ experiment farm in 
Pescador, in the Andean hillsides of the Department of Cauca, Colombia (2º48' N, 76º33' W, 1500 masl). 
The area has a mean temperature of 19.3?C and a mean annual rainfall of 1900 mm with bimodal 
distribution and two growing seasons.  The soil is derived from volcanic ashes and is classified as an Oxic 
Dystropept (Inceptisol) in the USDA soil classification system and an Andic Dystric Cambisol in the 
FAO classification. 
The model: The simulations were done with APSIM v3.6.  The model was specified to simulate the 
experimental treatments involving TSP, CM and urea assuming common starting conditions for all 
treatments, there was no resetting of any variables between crops.  Measured data were used to specify 
the soil characteristics for the APSIM SoilWat and SoilN modules. A major objective of the study was to 
test the transferability of the model.  Thus as few modifications as possible were made to the parameters 
for the crop, soil P and manure modules. 
Maize: As the maize cultivar had not previously been modeled using APSIM and to improve fit of the 
maturity date simulated by the model with known harvest dates we decreased the tt_emerg_to_endjuv 
parameter from 230 to 220. No changes were made to the critical P concentrations that had been used for 
modeling maize crops in Kenya.   
Bean: There has been no previous experience of modeling the common bean grown in Latin America 
using APSIM.  We used the APSIM Plant module with the Navybean parameter set  selecting the cultivar 
specific values for ‘rb_short’.  Changes were made to the parameters tt_emerg_to_endjuv (increased from 
250 to 300 to make the simulated crop mature later) and to y_hi_max_pot  (increased from 0.45 to 0.50 to 
increase the maximum harvest index potential of the simulated crops). Both changes were made to try to 
improve the fit with the observed data. In order to model a P response in bean it was necessary to create 
the parameters defining the critical P concentrations in the components of the bean crop. These were 
derived from analytical data for samples from the experiment (available at flowering, pod-filling and 
maturity in 2002, pod-filling in 2003 and 2004). The other parameter required was p_supply_factor for 
navybean in the SoilP module.   
Manure: The CM used each year in the experiment had been analyzed for total C, N and P and also 
ammonium- and nitrate-N.  These values were used to specify the inputs of manure in the model. In the 
APSIM Manure module, manure is characterized in terms of the three pools corresponding with the fresh 
organic matter (FOM) pools of the Soil N module.  In other studies attempts have been made to link these 
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pools to proximate analyses of organic sources.  Here we have assumed that the C was distributed in the 
ratio 0:0.5:0.5 between the three pools.  Further we assumed that all pools had uniform composition of C, 
N and P. 
Soil phosphorus: Soil P fractionation data were available only for the surface (0-10 cm) soil layer.  We 
used the sum of resin P and bicarbonate Pi fractions as the estimate of labile P in soil. From this 
publication we estimated the P sorption for the surface layer to be 1000 mg kg-1 at the standard solution P 
concentration of 0.2 mg L-1. No information was available for the subsoil layers.  We have assumed that 
soil P decreases with depth and that P sorption increases in the subsoil.  
Initial simulations used identical parameters in the Soil P module as were used to simulate a long-term 
experiment on an Alfisol in Kenya.  However inspection of the output indicated that the rate of loss of 
availability of P applied as TSP was considerably faster on the Andisol than on the Alfisol. The parameter 
rate_loss_avail_P (fraction lost per year at 25oC) was increased from 0.5 to 0.8 to improve the fit of the 
model to the observed data. 
Crop yields: Observed and predicted crop yields through the eight seasons for selected treatments were 
compared.  For the 12CM treatment there is good agreement for the maize crops that produced some 1300 
g m-2 total biomass and 600 g m-2 grain each year.  The grain yield for bean was predicted well in 2002 
and 2004 but not in 2003.  Total biomass for bean was over-predicted (this is explored in more detail 
below).  The 2003 bean crop was severely affected by diseases caused by Rhizoctonia solani and 
Colletotricum lindemuthianum which delayed maturity well beyond the normal 88 days and seemingly 
reduced yields. The simulation of the treatment without added P has much smaller yields of maize and 
bean.  Comparing this treatment with 12CM shows that the model predicted a large response to input of P 
in this soil.  The experimental data for the control treatments in the two experiments (0CM and 0P) 
showed considerable variation.  The observed data are the means of these two treatments. The other two 
treatments compared the effects of the one-time application of 160 kg P ha-1 as TSP with the annual input 
of 40 kg P ha-1.  In both cases there is good agreement between the observed and predicted data.  For the 
160P treatment the yield of maize in the first crop is close that for 12CM, but the residual effect is not 
sufficient to maintain high yields in later seasons.  These were the findings that led to the use of the 
higher rate of loss of available P in the model.  With the parameterization used the model predicts the 
declining yields rather well.  In contrast, the annual application of 40P was inadequate to yield as well as 
12CM or 160P in the first season, but through time this treatment improves to yield better than 160P in 
the 2005 maize crop.  Again the model captures this effect well. 
The model simulated the observed data very well despite the very few and minor changes made, showing 
the robustness of the model.  This is also the first experience of modelling beans with APSIM and will 
become the first published example of extending P routines to beans. 
GEOSOIL: A decision support tool for Land-use planning 
Y. Rubiano1,2, E. Amézquita2, N. Beaulieu1and M. F. Jiménez1
1Rural Innovation Institute(RII) of CIAT; 2TSBF-CIAT, Cali, Colombia 
The Georeferenced System on Soil Quality Indicators (GEOSOIL) for the Colombian savannas was 
developed as a tool of support to the decision-makers in land use planning. It allows to store, consult and 
process soil data from different scales: plot, farm, community, municipality, department, region, and 
country. It operates from a database of ACCES 2000, composed by a series of structured tables with 
information at different hierarchic levels to allow the characterization of the soil. The morphological and 
analytical elements of the soil are combined to conform indicators of quality by a qualification system 
that allows visualizing the degree and the number of limitations that a soil could have for its use in 
agriculture. The degrees of qualification used were: (1) without limitation, (2) slight limitation, (3) 
moderate limitation, (4) severe limitation, and (5) very severe limitation. The quality of the soil is 
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associated with the degree and number of limitations that diminish its productive capacity. In addition, 
GEOSOIL has modules in which the user can: (a) add or consult spacial characteristics and attributes of 
the soil; (b) visualize the interpretation of the soil quality indicators, grouped in limitation ranks; (c) 
determine the general capacity of the soil for a specific land use by means of the comparison between the 
nutrient supply capacity of  soil versus the nutrient demand of the crop; (d) calculate the fertilization 
rates; (e) generate reports on the variability in depth of some characteristics, for one or more soils; and (f) 
map the results by means of a link with the Geographical Information Systems, in the specific case for 
free software MapMaker or Spring. The system also generates geoestatistical assessment to understand 
the spatial and temporal variability of the attributes that are being used as indicators.
GEOSOIL was developed as a land-use planning tool for the Colombian savannas. This tool allows 
decision-makers to compile, consult and process soil data at several scales of resolution (plot, farm, 
community and country). The morphological and analytical elements of the soils are combined to form 
indicators of soil quality and to qualify the constraints for different agricultural purposes (Figure 71). The 
system has several modules that deliver information regarding general capacity of a given soil type for a 
given land use based on major constraints and produce outputs that are linked to visual observation using 
mapmaker or Spring. The system in the form of a CD-ROM Series is available to NARS and private 
sector partners in Colombia. 
Figure 71. The components of GEOSOIL decision support system for land use planning. 
Decision tree: A decision support tool developed to define land use alternatives in Colombian 
tropical savanna  
M. Quintero1, E. Amézquita1, N. Beaulieu2, P. Hoyos1 and M. F. Jimenez 
1TSBF-CIAT, Cali, Colombia; 2Rural Innovation Institute(RII) of CIAT; 
A decision support tree was developed by a group of researchers at CIAT to overcome land degradation 
problems and to improve agricultural productivity in the Colombian savanna soils. The decision tree 
provides an assessment to target the best land use possible based on soil texture, soil depth and 
topography characteristics. It was designed on both local and scientific knowledge from the acid soil 
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savanna region of Colombia. This tool combines the use of both the SPRING and the MapMaker Popular 
as GIS packages and the Microsoft Access 2000 database software.
The results of the analysis are displayed through text and spatial reports. The maps for land use 
alternatives are generated based on soil unit characteristics (1:100.000 scale) of the soil map.  The 
polygons or soil units in soil maps generally correspond to different groups of soils that can have different 
characteristics. The percentage that each soil represents in the polygon is indicated in the tables 
accompanying the maps. The polygons are colored according to the percentage of soil that is suitable for a 
given land use alternative (Figure 72). 
Figure 72. Mapping of areas recommended for improved pastures to be established or to renovate every 5 
years, based on the percentage of suitable area within each soil unit.  
The design of the database tool allows to modify the decision tree rules to apply to other locations. The 
system in the form of a CD-ROM Series is available to NARS and private sector partners in Colombia. 
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Output target 2007 
? Biophysical, social and policy niches in the landscape for targeting SLM technologies and 
enhanced ecosystem services identified and prioritized 
Published work 
J. Lehmann1, J. Gaunt2 and M. Rondón3 (2006). Bio-Char Sequestration in Terrestrial Ecosystems - 
A Review. Mitigation and Adaptation Strategies for Global Change 11: 403-427.
1Cornell University, Ithaca,USA; 2GY Associated Ltda., Harpenden, Herts, UK; 3TSBF-CIAT, Cali, 
Colombia
Abstract: The application of bio-char (charcoal or biomass-derived black carbon (C) to soil is proposed 
as a novel approach to establish a significant, long-term, sink for atmospheric carbon dioxide in terrestrial 
ecosystems. Apart from positive effects in both reducing emissions and increasing the sequestration of 
greenhouse gases, the production of bio-char and its application to soil will deliver immediate benefits 
through improved soil fertility and increased crop production. Conversion of biomass C to bio-char C 
leads to sequestration of about 50% of the initial C compared to the low amounts retained after burning 
(3%) and biological decomposition (<10-20% after 5-10 years), therefore yielding more stable soil C than 
burning or direct land application of biomass. This efficiency of C conversion of biomass to bio-char is 
highly dependent on the type of feedstock, but is not significantly affected by the pyrolysis temperature 
(within 350-500oC common for pyrolysis). Existing slash and-burn systems cause significant degradation 
of soil and release of greenhouse gases and opportunities may exist to enhance this system by conversion 
to slash-and-char systems. Our global analysis revealed that up to 12% of the total anthropogenic C 
emissions by land use change (0.21 Pg C) can be off-set annually in soil, if slash-and-burn is replaced by 
slash-and char. Agricultural and forestry wastes such as forest residues, mill residues, field crop residues, 
or urban wastes add a conservatively estimated 0.16 Pg C yr-1. Biofuel production using modern biomass 
can produce a bio-char by-product through pyrolysis which results in 30.6 kg C sequestration for each GJ 
of energy produced. Using published projections of the use of renewable fuels in the year 2010, bio-char 
sequestration could amount to 5.5-9.5 Pg C yr-1 if this demand for energy was met through pyrolysis, 
which would exceed current emissions from fossil fuels (5.4 Pg C yr-1). Bio-char soil management 
systems can deliver tradable C emissions reduction, and C sequestered is easily accountable, and 
verifiable.
Completed work 
Soil Biota, Ecosystem Services and Land Productivity  
E. Barrios  
TSBF-CIAT, Cali, Colombia
The soil environment is likely the most complex biological community.  Soil organisms are extremely 
diverse and contribute to a wide range of ecosystem services that are essential to the sustainable function 
of natural and managed ecosystems. The soil organism community can have direct and indirect impacts 
on land productivity. Direct impacts are those where specific organisms affect crop yield immediately.  
Indirect effects include those provided by soil organisms participating in carbon and nutrient cycles, soil 
structure modification and food web interactions that generate ecosystem services that ultimately affect 
productivity.  Recognizing the great biological and functional diversity in the soil and the complexity of 
ecological interactions it becomes necessary to focus in this paper on soil biota that have a strong linkage 
to functions which underpin ‘soil based’ ecosystem services.  Selected organisms from different 
functional groups (i.e. microsymbionts, decomposers, elemental transformers, soil ecosystem engineers, 
soil-borne pest and diseases, and microregulators) are used to illustrate the linkages of soil biota and 
ecosystem services essential to life on earth as well as with those associated with the provision of goods 
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and the regulation of ecosystem processes.  These services are not only essential to ecosystem function 
but also a critical resource for the sustainable management of agricultural ecosystems.  Research 
opportunities and gaps related to methodological, experimental and conceptual approaches that may be 
helpful to address the challenge of linking soil biodiversity and function to the provision of ecosystem 
services and land productivity include: 1) integration of spatial variability research in soil ecology and a 
focus on ‘hot spots’ of biological activity, 2) using a selective functional group approach to study soil 
biota and function, 3) using understanding about hierarchical relationships to manage soil biota and 
function in cropping systems, 4) using local knowledge about plants as indicators of soil quality, remote 
sensing and GIS technologies, and plant-soil biota interactions to help understand the impacts of soil biota 
at landscape scale, 5) combining new and existing methodological approaches that link selected soil 
organisms, the temporal and spatial dynamics of their function and their contribution to the provision of 
selected ‘soil based’ ecosystem services, and 6) developing local land quality monitoring systems that 
inform land users about their land’s ecosystem service provision performance, improve capacities to 
predict and adapt to environmental changes, and support policy and decision-making. 
Global Desertification: Building a Science for Dryland Development  
James F. Reynolds1, D. Mark Stafford Smith2 Eric F. Lambin3, B. L. Turner, II4, Michael 
Mortimore5, Simon P.J. Batterbury6, Thomas E. Downing7, Hadi Dowlatabadi8, Roberto J. 
Fernandez9, Jeffrey E. Herrick10, Elisabeth Huber-Sannwald11, Hong Jiang12, Rik Leemans13, Tim 
Lynam14, Fernando Maestre15, Brian Walker2, and Miguel Ayarza16
1Duke University, Durham, USA; 2CIRO Sustainable Ecosystems, Canberra, Australia; 3Université 
Catholique de Louvain, Louvain-la-Neuve, Belgium; 4Clark University, Worcester, USA; 5Drylands
Research Cutters, Cottage Clovers, Sherborne, UK; 6University of Melbourne, Australia; 7Stockholm
Environmental Institute, Oxford, UK; 8University of British Columbia, Vancouver, Canada; 9IFEVA, 
University of Buenos Aires, Argentina; 10USDA-ARS Jornada Experimental Range, Las Cruces, NM, 
USA; 11Instituto Potosino de Investigación Científica y Tecnológica, San Luis Potosí, Mexico; 
12University of Hawaii at Manoa, Honolulu, USA; 13Wageningen University, The Netherlands; 14CSIRO
Sustainable Ecosystems, Aitkenvale, Australia; 15Universidad Rey Juan Carlos, Spain; 16CIAT-Honduras, 
Tegucigalpa, Honduras 
In this millennium, global drylands face a myriad of problems (e.g., land degradation, poverty) that 
present tough challenges (e.g., safeguarding biodiversity, protecting the culture of 2 billion people) to the 
research, management and policy communities.  
Recent advances in dryland development, however, in concert with the integrative approaches of global 
change and sustainability science, suggest that these challenges can be confronted with renewed 
optimism. In this paper, we review recent lessons about the functioning of dry land ecosystems and the 
livelihood systems of their human residents, and introduce a new synthetic framework, the Dry lands 
Development Paradigm (DDP). The DDP, supported by a growing and well-documented set of tools for 
policy and management action, helps navigate the inherent complexity of desertification and dry land 
development, identifying and synthesizing those factors important to research, management, and policy 
communities. 
Assessment of the environmental and socioeconomic effects of a Payment for Environmental 
Services scheme in Pimampiro (Ecuador) 







In 2000, a scheme of Payment for Environmental Services (PES) was created in the municipality of 
Pimampiro (Ecuador). The main purpose of the scheme is to facilitate payments from the urban water 
users to the households located in the Palahurco River micro-watershed, from where water is diverted 
towards the municipal aqueduct. The PES system was designed to protect native vegetation, as a means to 
protect both water quality and quantity during dry season. The payment amounts range from $12 year-1
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ha-1 to $6 year-1 ha-1 depending on the type of land cover. Thus for a conserved hectare of primary forest 
or paramo the household will receive $12 year-1 while for a hectare of intervened forests or paramo will 
be paid $6 year-1. Although this scheme started five years ago, the impact of it on the environmental 
service has not been quantified. The scheme is monitored from the land cover perspective but not from 
the hydrological service itself.  
CIFOR has been collaborating with this experience because from the conceptual side, it is one of the few 
decentralized schemes in Latin-America where user and providers are well identified and there is a 
payment transaction between them. However, because there is no scientific evidence of the provision of 
the service, CIAT was contracted to: 1) analyze how water and sediment yield varies in the Palahurco 
micro-watershed under different land use scenarios; 2) determine what are the effects of the PSA scheme 
on the socioeconomic and environmental baseline; and 3) determine to what extent the payment amounts 
are an economic incentive for the households and therefore, constitutes an incentive for the conservation 
of forests and paramo ecosystem.  
CIAT team conducted the analysis for three general land use scenarios: 1) current land use; 2) all current 
agricultural areas are converted to forest; and 3) vulnerable forestlands surrounding the agricultural 
frontier are converted into agricultural areas. The evaluation of these three scenarios was conducted by 
means of hydrological modeling through which Hydrological Response Units (HRU) were defined. The 
identification of these units permitted to link them with the impact on sediment and water yield. Figure 73 
shows the impacts of different land use scenarios.  
The main findings of the analyses were:  
- The permanence of forest cover avoids actual increments of the sediment yield. If this land 
cover is replaced by the rotation of pasture-potato-pasture, the sediments will be increased by 
about three times (Figure 73). With respect to water quantity, it does not vary as high as it could 
occur with sediments. Thus, the effect of land use change on water quantity will be small. 
However, the replacement of forest will affect the base flow which is critical during the dry 
season.
- Although the current payment amounts are relatively low, they do represent an economic 
incentive. This is explained by the fact that the opportunity cost of conserving these areas is 
practically equal to what they receive through the conservation payments. The opportunity cost 
of using these areas for agriculture was calculated assuming a deforestation rate of 0.5 ha year-1
and the current production costs and prices of the products (Table 60) 
- In terms of additionality, there is a potential to reduce current sediment yield in the micro-
watershed as land use change in current agricultural areas could lead to a considerable 
reduction. Thus, if these areas are replaced by forestry as a land use, the current sediments 
could be lowered by about 68%. However, this change in land use will require an increment in 
the payment amounts as the opportunity costs will be higher.  
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Figure 73. Impact of HRUs on sediment yield.  
Table 60. Net income (US$) for a typical farm in the Palaurco River micro-watershed, under 
three different land use scenarios.
 Scenario 1* Scenario 2* Scenario 3*
 Net Income (r=5%) $26,690 $33,075 $28,172 
 Net Income (r=15%) $15,569 $18,154 $16,532 
  Net Income (r=20%) $12,343 $13,951 $13,148 
Note: r is discount rate. Calculation was made for a 10 year-period. 
Scenario 1*: Typical farm with 20% of farmland in agriculture and 80% in natural forest.  
Scenario 2: Typical farm with 20% of farmland in agriculture, 80% in natural forest and 0.5 ha are incorporated to 
agriculture every year (deforestation rate 0.5 ha year-1).  
Scenario 3: Typical farm with 20% of farmland in agriculture, 80% in natural forest and received a payment for 
conserving the forested area.
Hydrological modeling to quantify environmental services in Andean Watersheds: Altomayo and 
Jequetepeque watersheds (Peru) and Ambato (Ecuador)  
M. Proano1, C. Gavilanes1, P. Valenzuela1, C. Cisneros1, F.Lopez2, P.Vasquez2, A.Zumaeta2,
F.Aspajo2, R.D. Estrada3, E. Giron4, M.Quintero4 and A. Moreno2
1 Corporación Randi Randi, 2GTZ/Andean Watersheds Project, 3CIAT-CONDESAN, 4TSBF-CIAT
The Jequetepeque and Altomayo watersheds in Peru, and the Ambato watershed in Ecuador, are study 
sites of the project 22 “Payment for environmental services” of the WFCP. To quantify the main water-
related environmental externalities, hydrological modeling has been applied for each of the watersheds. 
The main quantified externalities are the sediment and water yields under different land use scenarios.  
For this purpose, the project has conducted the modeling in collaboration with the local partners who have 
been trained for using SWAT (Soil & Water Assessment Tool) by the project team. Thus, the analysis for 
the Jequetepeque and Altomayo watersheds was conducted in collaboration with local technicians and in 
Ambato (Ecuador) with the local partner, Randi Randi Corporation. 
For each watershed, the Hydrological Response Units (HRU) were determined and prioritized according 
to their contribution with sediments and water. To determine these units, an overlap of the soil unit map, 
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topography, land cover map, and daily climatic information was made. To determine the hydrological 
response of each one of these units, water-related soil characteristics, land cover attributes, slopes, and 
daily climatic information (precipitation, temperature, radiation, wind speed, etc) were specified into the 
model. With this information water movement through the soil profile and water flows for the whole 
watershed were simulated. For the case of Ambato watershed, also glacier melting effect was simulated in 
order to include the effect of Tungurahua volcano in water flows.  
In Figures 74 and 75, the variations in water and sediments for the Ambato watershed are shown. This 
analysis shows the impact of two land use scenarios: the current land use scenario and a potential land use 
scenario, where natural paramo areas are replaced by potato crops. These hydrological responses were 
also obtained for each HRU in the three watersheds that were analyzed. 
Figure 74. Impact on stream flow of changing natural paramo cover by potato crops. 
These results will be used during 2007 to valuate the environmental impacts. The trade offs between 
environmental services and socioeconomic impacts of land use change scenarios will be also assessed.  













































































































































































































































Output target 2008 
? Methods for socio-cultural and economic valuation of ecosystem services developed and applied 
for trade-off and policy analysis used in at least in 2 humid and 2 sub-humid agroecological 
zones
Published work 
M. Quintero1 and R.D. Estrada2  (2006)  Payment for environmental services in Latin America and 
its perspectives in the Andes, a vision from the practice (In Spanish: Pago por servicios ambientales 
en Latinoamérica y sus perspectivas en los Andes. Una visión desde la práctica). Serie 






Many small farms operate in the mountainous areas of the Andean Region. But in these areas, the value of 
social and environmental externalities is often greater than the increases possible in income through 
agriculture and livestock production. This generates a potential for stimulating changes in agricultural 
management practices and/or land use so that resources may be transferred from the rest of the economy 
to the rural sector. Hence, since 1998, the Policy Division of the Consortium for the Sustainable 
Development of the Andean Ecoregion (CONDESAN) has been proposing that environmental 
externalities be the motor to stimulate rural investment and change the dynamics of development for the 
Andean mountains. 
Several types of mechanisms exist whereby resources can be transferred between sectors. The simplest to 
implement are direct governmental subsidies for farmers. However, they are also the most difficult for 
documenting impact. Other mechanisms include payments for environmental services through bonuses 
for specific externalities (e.g. carbon capture), which are traded on world markets through stock 
exchanges.
Each mechanism demands a different exactitude in showing the causal relationships between change in 
land use and its impact on a given externality, the value of the service, and the distribution of benefits 
among the various actors intervening in the transaction. In general, markets for environmental services are 
poorly developed and correspond more to segmented local markets, with world markets being less 
important. Hence, these markets are rarely connected, substantially increasing transaction costs, which 
often become higher than the value of payments and requiring donations to cover such costs. This is 
because what is being paid for is not the environmental service but the land uses that generate it. This 
means we must first understand the causal relationships between use and service. In this regard, 
transaction costs are high because the value of the service is closely related to the spatial location and 
temporal evolution of alternative land uses. These elements are fundamental for hydrologic services 
(water production and reduction of sediments), precisely those that, currently, have the most potential for 
being compensated for in the Andes.  
This critical analysis of experiences with “payments for environmental services” (PES) in Latin America 
aims to identify compensation schemes that would promote rural investment and thus contribute to the 
development of Andean communities and the conservation of environmental services. The following 
steps are therefore carried out:  
• To discuss the relevant theoretical framework for developing PES schemes and markets for 
environmental services. 
• To review research conducted in Latin America on PES mechanisms or markets for 
environmental services. 
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• To describe the fundamental elements for increasing the probability of successfully using 
environmental externalities as a motor for development and conservation. Hence, to do this, both 
the reviewed experiences and those of CONDESAN’s are used as a basis for analyzing 
environmental externalities, the trade off between them, and the transaction costs incurred for 
demonstrating the causal relationships.  
• To develop a theoretical and operational proposal for the type of exchange mechanism that would 
be the most efficient for small farmers in the Andes, taking into account the trade off between 
farm income and environmental benefits. The use of externalities to generate dynamics of 
development with the poorest farmers is analyzed. We also evaluate how compensation 
mechanisms change as this priority becomes involved in analyses.  
In this paper, we critically examine the progress made by the reviewed experiences in Latin America. The 
paper does not attempt to describe each of these experiences, but to point out their principal 
characteristics of operation and impact, and thereby analyze the following questions: (a) do these 
experiences correspond to PES schemes? (b) do they contribute to development objectives and/or 
conservation? (c) are they based on political negotiations and/or technical analysis on the quantity and 
value of the externality? and (d) do they provide evidence on the relationships between environmental 
services and the land use or management practices promoted with the PES scheme?  
Work in progress 
Land use conversion through silvopastoral systems and reforestation of marginal lands in the 























In 2005, a CDM project to recuperate degraded lands of the tropical savannas of northern Colombia was 
initiated. This project aims to enhance the productivity and natural resource base of 2,600 hectares of 
degraded lands by implementing silvopastoral systems and reforestation. The project is developed by the 
Centro Internacional de Agricultura Tropical (CIAT), the Colombian National Agricultural Research 
Organization (CORPOICA), and the Environmental Corporation of the Sinu and San Jorge Rivers (CVS).   
The silvopastoral system was designed by the Colombian National Agricultural Research Organization 
(CORPOICA) and consists in the planting of forage shrubs very well adapted to the region (Gliricydia 
sepium, Cresentia Cujete and Leucaena leucocephala) with high-value timber species (Pachira quinata,
Switenia macrophylla and Tabebuia rosea). For the reforestation areas three native tree species (Tabebuia 
rosea, Tectona grandis, and Bombacopsis quinatum) and the exotic specie Hevea brasiliensis will be 
planted.
In 2006, the project has continued its trajectory by accomplishing the different requirements needed for 
the negotiation of the project. After the completion of the Project Idea Note (PIN) and the Carbon Finance 
Document (CFD), the project team worked intensively in establishing the boundaries of the eligible 
project areas, the characterization of the baseline from the socioeconomic and carbon stock perspective 
and in the ex ante calculation of net anthropogenic GHG removal by silvopastoral and commercial forest 
systems. In general the IRR calculated for the project is around 20% and when the social benefits caused 
by income and employment are included, that is, all benefits not collected directly by the producers but 
received by society; the project IRR is around 30%. The ex ante calculation of GHG removals resulted in 
246992 CO2-e to 2017 and 1015839 CO2-e to 2037. The offset of these carbon emission reductions 
(CERs) was concretized through an Emission Reduction Purchase Agreement (ERPA) signed with the 
BioCarbon fund.  
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Although the proposed project activities can be profitable by themselves, the support from the BioCarbon 
fund facilitates the initial investments and the participation of CVS as the investor in this project. CVS 
acts as a partner in the enterprise, absorbing risks and guaranteeing a good profitability to the 
beneficiaries. It also partly finances complementary activities that generate revenues from the first three 
years to mitigate the impact on farmer’s cash flows. 
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Output target 2008 
? In at least four of the countries participating in the BGBD project, policy stimulated to include 
matters related to BGBD management, and sustainable utilization. 
Progress towards this output target will be reported next year. 
Output target 2009 
? 30% of partner farmers in pilot sites used SLM options that arrested resource degradation and 
increased productivity in comparison with non-treated farms 
Progress towards this output target will be reported next year. 
Output target 2009 
? 75% of stakeholders in target areas have an improved capacity for collective action and local policy 
negotiation and implementation of integrated land use practices using integrated agricultural 
research for development 
Progress towards this output target will be reported next year. 
Output target 2009 
? The benefits of community-based watershed management innovations quantified and 
disaggregated by wealth and gender  
Progress towards this output target will be reported next year. 
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Progress towards achieving output level outcome 
? Principles of sustainable land management integrated in country policies and programs
This output is aimed at restoring degraded agroecosystems to economic and ecologic productivity, while 
recovering the function of such lands as providers of a range of ecosystem goods and services. Tools 
developed over the past few years are starting to be used by farmer associations to better plan the use of 
their land.  An example of that is the use of GEOSOIL decision support system for planning oil palm in 
the acid soil savannas of Colombia. Important advances were made towards the development and testing 
of methods for assessing and putting value on environmental services, particularly at the Fuquene 
Watershed in the Colombian Andes.  Intensive field monitoring coupled to the use of special software 
allowed to identify the most suitable options at the watershed scale to balance productivity and 
socioeconomic profitability and the maintenance of ecosystem functions.   Methods   were refined to 
include the potential to generate tradable Carbon in the watershed and how this could facilitate the 
adoption of desirable land use management practices.  The use of similar approaches allowed to define 
that shaded coffee is the most suitable land use option for farmers in the Altomayo Watershed in Peru to 
provide not only income and job generation, but also reduced impact on the environment. In a contrasting 
drier agroecosystem, the steepland region of Lempira in Honduras, significant advances were made 
towards understanding the drivers behind the adoption of the Quesungual slash and mulch agroforestry 
system.  This knowledge is already being used to promote the expansion of the systems into an even drier 
region in Nicaragua. The potential of two key ecosystems in Latin America, the Amazon rainforest and 
the acid soil savannas, to serve as net sinks for atmospheric carbon and to play a role in mitigating climate 
change, was assessed.  
The interactions between the policy environment and the socio-cultural and economic condition have 
been addressed through studies that look for enabling environments. By this the support systems are 
meant to address financial and technological infrastructure as well as the extension services for scaling 
out win-win land use and management alternatives. Research showed that specific strategic alliances are 
required for the poorest farmers to benefit from financial mechanism that would allow them to adopt new 
technologies.
Progress towards achieving output level impact 
? Reversing land degradation contribute to global SLM priorities and goals 
A special project to rehabilitate extensive areas of degraded lands in the Caribbean savannas from 
Colombia through the use of silvopastoral systems and reforestation with native species was successfully 
negotiated with the Biocarbon Fund.  This is the first initiative to use Carbon trading to cover part of the 
cost of the actions required to stop and reverse land degradation.  Though this is a long term initiative, 
expected impact on the livelihoods of poor rural communities, including native Indians is very high. 
Outcomes from the special projects mentioned above are helping to set the scene for the articulation of 
future plans for payment of environmental services in rural areas.  Governments, particularly in Latin 
America could use the outcomes of such initiatives to define policies to reverse land degradation at local 
and regional levels.  With the partnership of a large interdisciplinary team, CONDESAN is aiming to 
provide local and regional authorities with guidelines to help policy makers in the definition of incentives 
and mechanisms to include payment from environmental services as part of the local land use planning. 
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A. TSBF Institute - Africa   
Name Nationality Degree Status Institution Research theme 





Contribution of the 
assessment of the rhizobial 
diversity and its impact on 
the soil fertility within a 
natural settlement of Acacia 
nilotica subs tomentosa:
example of the natural forest 
of Diarra located in the 
Senegal River Valley 
Kibiby Mtenga Tanzanian PhD Continuing Cornell University Gender and Soil Fertility 
Management in Malawi: A 
Participatory Analysis of 
Farmers’ Incentives to Re-
invest in Soil Fertility 
Management Innovations by 
Women and Men Farmers 
Peter Ebanyat Ugandan PhD Continuing Wageningen 
University 
Dynamics of Soil Organic 
Matter and Nitrogen in 
Farmer Field Schools 
generated Integrated Soil 
Fertility Management 
Practices (draft title).  
Elisabeth Gotschi Austrian PhD Continuing University of 
Natural Resources 
and Applied Life 
Sciences (BOKU), 
Vienna, Austria 
Social Capital in 
Smallholder Marketing 
Groups in Sofala Province, 
Mozambique  
Pamela Pali Ugandan PhD Continuing University of 
Natural Resources 
and Applied Life 
Sciences (BOKU), 
Vienna, Austria 
Impact of Organic 
Agriculture in Uganda: 
Improving Livelihoods 
through Sustainable Natural 
Resource Management 
Jackson Tumwine Ugandan PhD Continuing University of 
Natural Resources 
and Applied Life 
Sciences (BOKU), 
Vienna, Austria 
Linking Farmers to Market: 
Challenges and 
Opportunities of Improving 
Rural Livelihoods for 
Communities affected by 
HIV/AIDS in Uganda 
Charles Walaga Ugandan PhD Continuing  University of 
Natural Resources 




development and livelihood 
improvement in Uganda: 
Future scenarios and policy 
measures
Juan Cobo Colombian PhD Continuing  Hohenheim, 
Germany 
Spatial and temporal 
management of nutrient and 
water resources in 
Zimbabwe and Mozambique 
Brian Ssebunya Ugandan MSc Continuing  Makerere Comparative advantage of 
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University Uganda’s fresh produce in 
major export markets. A 
case of certified organic 
fruits and vegetables 
Wouter Ton Dutch MSc Continuing  University Twente, 
Netherlands 
Comparison of participatory 
approaches in Uganda 
Grace Agwaru Ugandan MSc Continuing Makerere 
University, Uganda 
Assessing Approaches And 
Developing Methods For 
Presentation Of Research 
Results To Farmers Within 
Their Livelihood Situations: 
A Case Study In Soroti And 
Arua Districts 
Dick Lufafa Ugandan MSc Continuing Makerere 
University, Uganda 
On-farm comparison of the 
economic profitability of 
selected dual-purpose live 
barriers. Second year 
Kiwanka Achilles Ugandan MSc Continuing Makerere 
University 
Environmental and socio-
economic impact of organic 
farming on the livelihood of 
small- scale farmers in 
Uganda 
Jacintha Kimiti Kenyan PhD Continuing Kenyatta 
University 
Integrating Legumes in the 
Farming Systems of Eastern 
Kenya to Enhance Soil 
Fertility’
Jane Kapkiyai Kenyan PhD Completed Cornell University Effects of Legume Green 
Manures on Crop 
Productivity and Nutrient 
Cycling in Maize-based 
Cropping Systems of 
Western Kenya 
John Ojiem Kenyan PhD Completed Wageningen 
University 
Niche-based Approach to 
Soil Fertility Improvement 
by Legumes in Western 
Kenya Smallholder Farming 
Sysytems’ 
Monicah Mucheru Kenyan PhD Continuing Kenyatta 
University 
N Dynamics as affected by 
soil fertility status and 
nutrient replenishment 
inputs in the central 
highlands of Kenya’ 
Edward Yeboah Ghanaian PhD Continuing University of 
Ghana 
Sustaining Crop 
Productivity: The influence 
of Organic Resource 
Quality and Quantity’ 
Pablo Tittonell Argentina PhD Continuing Wageningen 
University 
Exploring options, 
analysing tradeoffs and 
deriving indicators of 
efficiency for integrated 
nutrient management in 
smallholder farming 
systems of East Africa’ 
Pauline Nhamo Zimbabwean PhD Continuing University of Exploring how organic and 
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California mineral nutrient 
combinations interact to 
regulate nutrient cycling 
Mwashasha 
Rashidi 




Evaluation of the potential 
of various AMF strains to 
improve the initial growth 
of banana 
Judith Odhiambo Kenyan  Continuing Egerton University Effect of selected legume 
species on germination of 
Striga hermonthica seeds: a 
control strategy in maize 
Telesphoret 
Ndabamenya 
Rwandese MSc Completed Wageningen 
University 
Interactions of soil 
macrofauna, tillage and 
organic amendment affect 
soil aggregation, organic 
matter dynamics and crop 




Greek MSc Completed Wageningen 
University 
The effect of endogeic 
earthworms on aggregate 
formation, stability and 
carbon distribution within 
different aggregate 
fragments in a vitro study’ 
Matieu Henry French  MSc Completed CNEARC/ 
ENGREF 
Carbon sequestration in the 
agrarian system of western 
kenya and eligibility to 
clean development 
mechanism 
Agnes Kavoo Kenyan MSc Continuing Kenyatta 
University 
Interactions between 
resource quality, aggregate 
turnover, and C and N 
cycling in the Central 
Highlands of Kenya’ 





between soil fertility factors, 
farmer management, pests 
and diseases and the growth 
and yields of banana in 
Maragwa district, Kenya 
Justin Muriuki Kenyan MSc Continuing Kenyatta 
University 
Economic evaluation of 
organic and inorganic 
technologies for soil 
nutrient enhancement in 
Mukuuni and Murugi, 
Central Kenya’ 
Marion Ng’ang’a  Kenyan MSc Continuing Moi University Vegetable Legume Intercrop 
Development for Nutrition 
and Sustainability of 
HIV/AIDS Affected Rural 
Households of Kenya 
Tom Hongo Amolo  Kenyan MSc Continuing Kenyatta 
University 
Effect of Soybean Enriched 
Diet on Nutrition and Health 
Status of HIV+ and exposed 
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Children (6 mo-59 months) 
in Suba District Kenya. 
Joyce Kamau  Kenyan MSc Continuing  Kenyatta 
University 
Effect of soybean (Glycine 
max) supplementation on 
nutritional status of children 
aged 6-9 years from 
HIV/AIDS affected 
households in Suba District 
Gertrude Were     Kenyan PhD Continuing Moi University Effect Of Soybean Enriched 
Diet On The Nutrition And 
Health Of HIV Infected & 
Affected Children In 
Fishing and Farming areas 
in Suba District, Kenya. 
Harrison Githinji  Kenyan MSc   Continuing Moi University Effects of conservation 
tillage and organic residues 
on crop productivity  
Dilys Kpongor  Ghanaian PhD Continuing ZEF, Univ. of 
Bonn Germany 
Evaluation of the best-bet 
soil fertility restoration 
technologies in Northern 
Nigeria 
Michael Misiko Kenyan PhD Continuing  Wageningen 
University 
Knowledge and networks: 
Challenges and 
opportunities for scaling up 
integrated soil fertility 
management regimes 
Joseph Kimetu  Kenyan  PhD 2005-2008 Cornel University, 
USA 
Restoration of Soils in 
Western Kenya Using 
Manure and Tithonia 
diversifolia
Abdoulaye Saley Nigerien PhD  Continuing North West Univ. 
South A 
Screening forage legumes 
for adaptation to drought in 
the dry lands of South 
Africa
Kanako Suzuki Japan PhD  Continuing Kyoto University Assessment of organic 
nutrient uptake in Pearl 
millet in Niger 





Market and demand for 
soybean by food processing 
industries and supermarkets in 
Kenya 
Sato Junko Japanese PhD Continuing Kyoto University 
Japan 
Evaluation of Nutrient Use 
Efficiency and Crop Residue 
Management for Water  
Conservation Under 
Conservation Agriculture 
Miriam Githongo Kenyan MSc Continuing Nairobi University/ 
University of 
Florida 
Effects of Sewage 
Wastewater Irrigation on Soil 
Macrofauna, Nematodes and 
Heavy Meatal 
Accumulationin Selected 
Crops in Selected Areas in 
280
Name Nationality Degree Status Institution Research theme 
Nairobi (Kibera and Maili 
Saba) 
 SIdibe Diarra  PhD Continuing Borlaug 
Scholarship, 
Hawaii University 
Phosphorus Dynamicsin Soils 
in West Africa 




Affecting its Effectiveness 





economic and institutional 
factors associated with the 
adoption of IPM strategy by 
the rural farmers in Taita, 
Taveta District, Coast 
Province, Kenya 
Helen Anyanzwa  Kenyan MSc Continuing Moi University Effects of Conservation 
Tillage, Crop Residue and 
Cropping Systems on the 
Dynamics of Soil Organic 
Matter and Overall Maize-
Legume Production: A Case 
in Teso District 
S. Some Burkinabe PhD Continuing ZEF, Univ. of 
Bonn Germany 
Water Use Effeciencyof 
Sorghum Based Cropping 
Systems in Dano, Burkina 
Faso 
Kamidodzono Akira  Japanese PhD Continuing JIRCAS Effects of Longterm Crop 
Residue Management on Soil 
Carbon and Nitrogenin Sandy 
Soilsof the Zahel Zone, Niger. 
Fatondji Doubedji  Nigerian PhD Completed University of 
Bonn, Germany 
Interaction Between Water 
Harvesting and Soil Fertility 
Wasike Victor Kenyan PhD Continuing Egerton University. Genetic Diversity of Dual – 
Purpose Soyabean  [Glycine  
max (L.) Merr.], Indigenous 
Bradyrhizobia Strains and 
Their Potential to Fix 
Nitrogen in Kenya 
Kariuki Felix Kenyan BSc Continuing Nairobi University. Investigating the VAM Root 
Infection in Soyabean 
Musyoki Mary Kenyan MSc Continuing Kenyatta 
University 
Soil microbiology and bio-
functioning 
Faye Aliou Senegalese Msc Completed IRD-Senegal Cotribution a l’ etude de la 
diversite de rhizombiums et 
leur impact sur la fertilite du 
sol sous un peuplement 
naturel d’ Acacia nilotica 
subsp tomentosa willd: 
exemple de la foret classee 
de Diara au Senegal 
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Margaret Mwangi Kenyan MSc Continuing Kenyatta 
Univeristy 
Effects of Trichorderma 
hirzianum and mycorrhizae 
on growth and disease 
management in tea cuttings, 
tomato seedlings and napier 
grass cuttings 




Mycorrhizal status of 
improved cassava (Manihot 
esculenta crantz) cultivars 
in different fertilizer 
regimes in western Kenya 




Diversity  of Arbuscular 
Mycorrhizal Fungi (AMF) 
and Fusarium wilt 
(Fusarium oxysporum) in 
tissue cultured banana 
Abhishek Chandra Indian PhD Continuing Delhi University, 
Delhi 
Productivity, rhizobia 
strains and nutrient 
enrichment potential of 
Vigna cultivars grown 
around Nanda Devi 
Biosphere





legume nodulating bacteria 
Jagdamba Prasad Indian PhD Continuing Jawaharlal Nehru 
University, New 
Delhi 
Soil fauna communities in 
selected agricultural 
landscapes of Himachal 
Pradesh 
Kritika Singh Indian Ph.D Continuing Jawaharlal Nehru 
University, New 
Delhi 
Impacts of agroforestry 
trees on soil biological and 
chemical properties 
Meghna Agarwala Indian MSc  Completed Jawaharlal Nehru 
University, New 
Delhi 
Study of the variation of 
species diversity of 
arbuscular mycorrhizal 
fungi with nutrient 




Indian MSc  Completed Jawaharlal Nehru 
University, New 
Delhi 
Abundance and diversity of 
nematodes in a village 









dehydrogenase activity in 
oak and pine forest in mid 
alititude central Himalaya 




variability in soil 
macrofauna in a mid altitude 
village landscape in 
Garhwal Himalaya  
T. Shimrah Indian PhD Continuing Delhi University, 
Delhi 
Ecosystem study and land 
use change pattern in the 
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 north-east Himalaya 
Tunira Bhadauria Indian DBT/ 
WSP
Continuing Jawaharlal Nehru 
University, New 
Delhi 
Using earthworms for 
sustainable agroecosystem 
development and 
rehabilitation of degraded 
lands 




Assessment of productivity, 
nutrient uptake and 
nitrogenase activity in three 
selected mountain legume 
crops under mix and 
monocropping. 






knowledge related sol 
fertility maintenance in 
Central Himalaya 
agroecosystem 







Impact of Bio-compost and 
Vermicompost on yield of 
Rabi & Kharif season crops 




Productivity of agricultural 
crops and an alpine pasture 
in Garhwal Himalaya in 
relation to global 
environmental change. 




Studies on soil macrofauna 
of buffer zone 
agroecosystem of NDBR 















Soil fauna activity in 
pastures 




Studies on village 
ecosystem function 
in Rawain valley of Central 
Himalaya: An ecological -
economics approach 




Survey and identification of 
soil macrofauna of NDBR 
Himanshu Pande Indian PhD Continuing Kumaon 
University, 
Nainital 
Macrofauna diversity and 
abundance in Nanda Devi 
Biosphere Reserve 
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A.N. Sringeswara Indian PhD Continuing Kuvempu 
University, 
Karnataka
Analysis of the vegetation in 
the Kudremukh National 
Park region of the western 
ghats, India. (Submitted) 




Inflence of AM fungi and 
PGPR’s on Kalmegh 
(Andrographis paniculata 
Nees)




Bio-composting of sugar 
factory and distillery wastes 
with crop residues 




Application of Rhizobium to 
nonleguminous crops 
Ajay Rane Indian PhD Continuing Kerala Forest 
Research Institute, 
Peechi
Assessment of soil quality 
and management practices 
in different land use types in 
the Kerala part of Nilgiri 
Biosphere Reserve 
E.C. Baiju Indian PhD Continuing Kerala Forest 
Research Institute, 
Peechi
(Registered at FRI, 
Dehra Dun) 
Landuse and landscape 
dynamics in a micro -
watershed of Chaliyar River 
in Kerala part of Nilgiri 
Biosphere Reserve 
N.K. Binu Indian Project 
Fellow 
Continuing Kerala Forest 
Research Institute, 
Peechi
Distribution and diversity of 
arbuscular mycorrhizal 
fungi in different landuse 
systems in the Kerala part of 
Nilgiri Biosphere Reserve 
P. Mujeeb Rahman Indian Project 
Fellow 
Continuing Kerala Forest 
Research Institute, 
Peechi
(Registered at FRI, 
Dehra Dun) 
Soil faunal diversity under 
different landuse systems in 
the Kerala part of Nilgiri 
Biosphere Reserve 
S. Bineesha Indian Project 
Fellow 
Continuing Kerala Forest 
Research Institute, 
Peechi
Diversity and dynamics of 
nitrogen fixing bacteria 
under different landuse 
systems in the Kerala part of 







Linkages between soil 
morphology and soil fauna 
in natural forests in Nilgiri 
Biosphere Reserve 




Soil chemical charcterisists 
in relation to soil 
macrofauna 




Soil ecological studies 
Adriana Silva Lima Brazilian PhD Continuing UFLA Soils and Plant Nutrition 
Alexandre Barberi Brazilian PhD Continuing UFLA Soils and Plant Nutrition 
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Éderson da 
Conceição Jesus  
Brazilian  Continuing UFLA Soils and Plant Nutrition 
Krisle Silva Brazilian MSc Continuing UFLA Soils and Plant Nutrition 
Ligiane Aparecida 
Florentino 




Brazilian BSc Continuing UFLA Fellowship IC/CNPq  
Paulo Ademar 
Avelar Ferreira 
Brazilian BSc Continuing UFLA Fellowship IC/CNPq  
Michele Aparecida 
da Silva 
Brazilian BSc Continuing UFLA Fellowship IC/FAPEMIG 
Alice de Souza Brazilian BSc Continuing UFLA Fellowship IC/CNPq  
Márcia Rufini   Brazilian BSc Continuing UFLA Fellowship IC/PIBIC/CNPq 
Gláucia Alves e 
Silva 
Brazilian MSc Continuing UFLA Soils and Plant Nutrition, 
Patrícia Leal Brazilian MSc Continuing DBI/UFLA Agricultural Microbiology 
Lucas Magalhães 
de Abreu, 
Brazilian MSc Continuing UFLA Agricultural Microbiology 
Ricardo Tadeu 
Galvão Pereira 
Brazilian PhD  Continuing UFLA Phytopathology 
Mirian Salgado Brazilian MSc Continuing UFLA Fellowship other project 
Nívia Silva Dia Brazilian PhD Continuing UFLA Entomology 
Mônica Silva 
Santos
Brazilian MSc  Completed UFLA Entomology 
Márcia Lídia 
Gomide 
Brazilian MSc  Completed UFLA Genetics 
Tatiane Marques Brazilian MSc  Continuing UFLA Entomology 
Gustavo Schifer Brazilian PhD Continuing UFLA Ecology 
Letícia Maria 
Vieira
Brazilian MSc Continuing UFLA Entomology 
Ricardo Sousa 
Cavalcanti 




Brazilian PhD Continuing UFLA Entomology 
Antônio Edson 
de S. Soares
Brazilian  MSc Continuing INPA Agricultura no Trópico 
Úmido
Agno Accioli Brazilian PhD Continuing UNB Entomology 
Julie Lunzehirwa Conglese MSc Continuing University of 
Kinsasha 
Value Chain Analysis for 
Legumes in Congo 
Caren Akech Kenyan MSc Completed Nairobi University Social- Economic and 
Cultural Factors Affecting 
the Adoption of Integrated 
Soil Fertility Management 
Technologies in Emuhaya 
Division, Vihiga District, 
Kenya 
Rodel Zozo Congolese MSc Continuing  Value Chain Analysis for 
Legumes in Sud.  Kivu 
Muke  Manzehele Congolese MSc Continuing University of 
Kinsasha 
Erosion Control in Sud.  
Kivu  
Robert Muziva Ugandan PhD Continuing Makere University Soil Fertility Gradients in 
Potato Production in South 
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West Uganda. 
Fredrick Ayuke Kenyan PhD Continuing Wageningen Univ.  Soil Fauna and Aggregates 
Josephat Muzabo Rwandese PhD Continuing Rwandese Fertilizer Economics in 
Rwanda 
Leon Nabahuuzu Rwandese PhD Continuing Wageningen 
University 
Watershed Management in 
Rwanda 
Samuel Gituo Kenyan PhD Continuing Wageningen 
University 
Erosion Control and 
Conservation Agriculture in 
Kenya 
Isabella Vanderplas Belgian PhD Continuing Katholiek 
University, Leuven 
Production in Farmer 
Groups in Kenya 
Salome Muriuki Kenyan MSc Completed Kenyatta 
University 
Phosphorus & Carbon 
Dynamics AS Affected by 
Manure Management in 
Eastern Kenya  
Job Ogada Kenyan MSc Continuing Egerton University Socio-Economic 
Determinants of Within-
Farm Soil Fertility 
Gradients In Western Kenya 
Oduor Celline 
Achieng’  
Kenyan MSc Continuing Kenyatta 
University 
Policy framework for 
utilization and conservation 
of below-ground 
biodiversity in Kenya 
Moses Adama Kenyan MA Continuing Nairobi University The Nexus Between Social 
And Economic Institutions, 
Intensive Farming And The 
Management of 
Belowground Biodiversity: 





Kenyan MSc Continuing Nairobi University Impact of Land use changes 
on Nematode diversity and 
abundance in Taita and 
Embu
Joseph K. Chirchir  Kenyan MA Continuing Nairobi University Crop production practices 
and biodiversity 




Kenyan MSc Continuing Nairobi University Effect of Trichoderma 
harzianum and arbuscular 
mycorrhizal fungi on 
growth and diseases 
management in teacuttings, 
tomato seedlings, and napier 
grass
Peter K. Maina  Kenyan MSc Continuing Nairobi University The impact of land use on 
Distribution and Diversity 
of Fusarium spp. in 
Ngangao Forest and its 
adjacent farmlands 
Elizabeth Siameto   Kenyan MSc Continuing Nairobi University Molecular characterization 
and determination of 
biocontrol activity of 
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Trichoderma harzianum 
(Green mould) isolates from 
Embu District, Kenya. 
Mukundi David Kenyan MSc Continuing Nairobi University Distribution and diversity of 
Pythium spp in Irangi and 
Ngangao forest, Embu, 
Kenya 
Isaac Macharia  Kenyan PhD Continuing Nairobi University Management of root k not 
nematodes Meloidogyne spp 
and Fusarium wilt, 
Fusarium oxysporium
disease complex using 
biological control agents in 
Tomato 
Miriam Otipa  Kenyan PhD Continuing Nairobi University Integrated Cropping systems 
with organic amendments 
for sustainable soil health 
Edward Muya Kenyan PhD Continuing Nairobi University Management practice for 
improved soil structure, 
nutrient availability and 
water use efficiency of 
degraded acid soils. 
Peter M. Wachira  Kenyan PhD Continuing Nairobi University Enhancement of 
Nematophagous fungi on 
agricultural systems for 
biological control of 
nematodes 
Taabu T. Tepeny Kenyan PhD Continuing Nairobi University Effect of land use and soil 
management practices on 
the control of the 
Phytopathogenic 
Rhizoctonia species in Taita 
hills 
Dr. Nelson Ojango Kenyan MSc Completed Wye College, 
University of 
London 
Market and demand for 
soybean by livestock feed 
industries in Kenya 
Justina Nwanganga 
Chianu 
Nigeria MAPA Completed Department of 
Agricultural 
Economics, Univ. 
of Ibadan, Ibadan, 
Nigeria 
Livelihood activities and 
poverty among rural 
households in the farming 








Demand for soybeans: A 
case study of livestock feed 
industry in Nairobi, Kenya.  
Rachel Zozo 
Mulangala
Rwandan MSc Continuing  Rural livelihoods in 
Ngweshe: Assessing the 
influence of the Mugogo 
market 




Economic evaluation of 
technologies aimed at 
combating Striga in selected 
districts of western Kenya 
Mr. Johnstone Kenya MSc Continuing Department of Organic resources and use 
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in the farming systems of 
Chuka Division, Meru 
South, Central Kenya 
Kenneth Omondi 
Owuocha




Analysis of the supply of 
soybean and soybean 
products in Nairobi, Kenya. 





Linking farmers to market: 
an approach to promote 
improved technologies and 
investments in natural 
resource management in the 
Eastern Province of Rwanda 
Lenni Driessens Belgian MSc Completed Katholique 
University Leuven 
Participatory Evaluation of 
Soyabean Adoption 
Potential in Migori, Kenya. 
Roberta Gentille Canadian PhD Continuing University of 
California, Davis. 
Impacts of Roots on Soil 
Organic Matter Aggregates 
and Nitrogen Cycling. 
Tunsisa Hurriso Ethiopian MSc Completed Wageningen 
University 
Soil Fauna Effects on Soil 
Aggregation 
B.  TSBF Institute - Latin America 
Name Nationality Degree Status Institution Research theme 
Alvaro Rincón Colombian PhD Completed National 
University, 
Colombia 
Integration of maize with 
forages to recuperate 
degraded pastures in the 
Llanos of Colombia 
Andrés Rangel Colombian PhD Continuing University of 
Hannover, 
Germany 
Mechanisms of aluminum 
resistance in common bean 
Annabé Louw-
Gaume  
South African PhD Continuing ETHZ, Zurich Mechanisms of low 
phosphorus adaptation in 
Brachiaria
Aracely Castro Honduran PhD Continuing Nacional
University, 
Colombia
Nutrient dynamics in the 
Quesungual Agroforestry 
System
Diana Noguera Colombian PhD Continuing Universite Paris VI 
Pierre et Marie 
Curie
Interactions between soil and 
worms and analyses of effect 
on growth and physiology of 
plants 
Sandro Nolan Ipaz 
Cuastumal 
Colombian PhD Continuing National University, 
Colombia 
Diagnóstico y caracterización 
del sellamiento y 
encostramiento en Molisoles 
y Vertisoles bajo sistemas de 
producción tradicional y 
agricultura agrosostenible en 
el Valle del Cauca. 
Edier Humberto Colombian PhD Continuing U. del Valle, Pollutants and soil water 
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Name Nationality Degree Status Institution Research theme 
Pérez Colombia fluxes 
Jorge F. Navia Colombian PhD Completed National 
University, 
Colombia 
Impact of residue quality on 
beneficial soil biota in root-
rot infested soils 
Juan G. Cobo Colombian PhD Continuing Hohenheim 
University 
Spatial and temporal 
management of nutrient and 
water resources in 
Zimbabwe and 
Mozambique. 
Julie Major Canadian PhD Continuing Cornell University, 
USA 
Reducing nutrient leaching 
on acid soils through 
charcoal amendments to 
soils 
Mariela Rivera P. Colombian PhD Continuing National University, 
Colombia 
Water dynamics in the 
Quesungual Agroforestry 
System 
Natasha Pauli Australian PhD Continuing Univ. of  Western 
Australia 
The potential of the 
Quesungual Agroforestry 
System for soil biodiversity 
conservation and 
management in Western 
Honduras 
Nelson Castañeda Colombian PhD Continuing University of  
Goettingen, 
Germany 
Genotypic variation in P 
acquisition and utilization in 
A. pinto.
Sergio Mejía Colombian PhD Continuing National 
University, 
Colombia 
Identification of candidate 
genes responsible for 
adaptation of tropical forage 
grass, Brachiaria to low 
phosphorus soils 
Steve Fonte American PhD Continuing U.C.Davis, USA Influence of management 
practices, litter inputs and 
earthworm activity on soil 
fertility and soil organic 
matter dynamics in the 
Quesungual Agroforestry 
System 




transformations and organic 
matter dynamics in hillsides 
and savannas of Colombia 
Martha Ligia  
Castellanos 
Colombian PhD Continuing National 
University, 
Colombia 
Tensores edafológicos que 
condicionan a la 
disponibilidad de nutrientes 
para mangle en ambientes 
sembrados 
Belisario Volverás Colombian MSc Continuing U.de Nariño, Pasto-
Colombia 
No-tillage systems in hillsides 
planted with potato. 
José Jaumer 
Ricaurte
Colombian MSc Completed National 
University, 
Colombia 
Impact of aluminium 
tolerant Brachiaria
genotypes on soil quality 
characteristics of an Oxisol 
of the Altillanura of the 
Meta Department of 
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Colombian MSc Continuing Nacional 
University, 
Colombia 
Distribution of the content 
of organic carbon in 
different aggregates, of soils 
collected from several 
systems of land use and 
altitudes of the Cauca river 
basin of  Colombia 
Jellin del Carmen 
Pavón 
Nicaraguan MSc Continuing Nacional 
University, 
Colombia 
Application of the principles 
of  Agroforestal System 
Quesungual (SAQ) in 
Nicaragua: 
Characaterization chemical 
and physical quality quality 
of soils from Danta, 
Somotillo 
Jesús H. Galvis Colombian MSc Completed National 
University, 
Colombia 
Sealing and crusting in the 
Llanos
José Augusto 
Rodríguez  T. 
Colombian MSc Completed National 
University, 
Colombia 
Influence of some a 
amendments in some 
physical, chemical and 
biological characteristics of a 
magnesium soils. 
Luis Carlos Pardo  Colombian MSc Completed Universidad del 
Valle, Cali 
Biological erosion in 
rainforest.  




fungal hyphae dynamics and 
impact on water stable soil 
aggregates 
Marcela Quintero Colombian MSc Continuing University of Florida Measurement and valuation of 
soil environmental services in 
the Andes 
Oscar Iván Ferreira Honduran MSc Continuing Nacional 
University, 
Colombia 
Balances of greenhouse 
gases in the Quesungual 
system 
Oscar Molina Colombian MSc Completed National 
University, 
Colombia 
Effect of residual P fertilizer 
and organic manure 
application on mycorrhizal 
association of maize-bean 
rotation in P-fixing Andisol 
in Cauca, Colombia 
Juan Carlos 
Montoya 




caracterizaciòn de la materia 
orgànica y su relaciòn con 
las propiedades fìsicas de 
tres andisoles con cinco 
sistemas de producciòn en la 
zona cafetera colombiana 
Nelson Piraneque Colombian MSc  Continuing National 
University, 
Colombia 
Tensores tedológicos que 
condicionan la presencia y 
diseminación del hongo 
Sclerotium cepivorum en el 
cultivo de cebolla bulbo en 
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Name Nationality Degree Status Institution Research theme 
Boyacá
Agustina Calero Nicaragua BSc Completed Universidad 
Nacional Agraria, 
Nicaragua 






Colombian BSc Completed Universidad del 
Valle, Cali-
Colombia 
Charcoal production by 
small scale producers in 
Colombia: improvements on 
the efficiency of production 
and on safety of production  
Andrés Pereira 
Abella 
Colombian BSc Continuing Universidad del 
Valle, Cali-
Colombia 
Comparison of NIRS vs 
MIRS methodologies for 
analysis of total soil carbon 
and nitrogen 
Denis Valladares Honduras BSc Completed Escuela Nacional 
de Ciencias 
Forestales
Influencia del sistema 
agroforestal Quesungual en 
la erosión y calidad del agua 
Gettsy Elizabeth 
Quiñónez Mora 
Colombian BSc Completed Universidad del 
Valle, Cali- 
Colombia 
Estimating total carbon 
stocks in soils from the 
Fuquene Lagoon watershed 
using a Bayesian statistical 
model 
Leslie Fariña Nicaragua BSc Completed Universidad 
Nacional Agraria, 
Nicaragua  
Physiography of the Rio la 
Danta microwatershed, 
Somotillo, Nicaragua. 
Lester Talley Nicaragua BSc Completed Universidad 
Nacional Agraria, 
Nicaragua  
Floristic characterization of the 
Rio la Danta microwatershed, 
Somotillo, Nicaragua 




characterization of charcoal 
for agricultural use  
Milton Delcid Honduras BSc Completed Universidad 
Nacional Agraria, 
Nicaragua  
Nitrogen response curves to 
validate the NuMaSS 
system 
Namán Sánchez Honduras BSc Completed ESNACIFOR, 
Honduras 
Biomass accumulation and 
nutrient composition of 
three forest species in the 
Quesungual system 
Osman Contreras Honduras BSc Completed Universidad 
Nacional Agraria, 
Nicaragua  
Nitrogen response curves to 
validate the NuMaSS 
system 
Tomás Gutiérrez Nicaragua BSc Completed Universidad 
Nacional Agraria, 
Nicaragua  
Floristic characterization of 




ANNEX-3: LIST OF PARTNERS 
TSBF Institute’s research for development programme is implemented through projects implemented 
with a wide range of partners. These include in particular the scientists from NARES and universities in 
tropical countries and advanced research institutes and universities in developed countries, who are 
members of the programme networks, of which the largest is the African Network for Soil Biology and 
Fertility (AfNet) followed by MIS and SARNet. Other projects are implemented through CGIAR system-
wide programmes (SWPs) such as AHI and Challenge Programme. Donors for TSBF projects currently 
include, in addition to the Rockefeller Foundation, CIDA, IDRC, DIFD, IFAD, DANIDA, BMZ, 
NORAD, USAID, ACIAR and UNEP-GEF and the consortia of donors to the CGIAR’s SWPs and CPs. 
Some of these projects fund the TSBF-CIAT outposted staff in Zimbabwe, Uganda and Honduras. 
At the regional basis TSBF-CIAT’s alliance with ICRAF and the NARS in East and Southern Africa will 
be expanded to ICRISAT and CIMMYT and possibly to IITA and WARDA in West Africa. Cooperation 
with FARA and other regional organization such as ASARECA, CORAF and SACCAR will be 
strengthened. In Latin America collaborative research work is being carried out in Central American 
hillsides with the MIS consortium, in the Andean hillsides region with CONDESAN and CORPOICA and 
in the tropical savannas of the Llanos with CORPOICA and the local universities. 
TSBF Institute-Africa 
NARS: Kenyatta University, Kenya, VLIR project on food security in Central Kenya; RF soybean 
project;  JKUAT, Kenya, RF banana project; NARO, Uganda and LZARDI, Tanzania, DfID project on 
striga management in the Lake Victoria Basin; NARO, Uganda, RF project on exploring soybean 
potential in East Africa; KARI, Kenya, DfID project on striga management in the Lake Victoria Basin; 
University of Zimbabwe, Zimbabwe, NSF project on soil aggregation; Soil Research Institute, Ghana, 
NSF project on soil aggregation; INERA, D R Congo, ISAR, Rwanda, DGDC project on legume 
integration in systems in Central Africa; DGDC project on banana management in Central Africa; ISABU 
and IRAZ, Burundi, DGDC project on banana management in Central Africa; University of Kinshasa and 
University of Bukavu, D R Congo, VLIR project on cassava in D R Congo; Forest Dept of CIRAD, 
France, Kenyan Forestry Research Institute, Kenya, FOFIFA, Madagascar INCO DEV FOREAIM on 
Bridging restoration and multi-functionality in degraded forest landscape of Eastern Africa and Indian 
Ocean islands; INERA-DPF, Burkina Faso and Forest Dept of CIRAD, France, project CORAF/Gomme 
Arabique on Impact de l’inoculation par les rhizobiums sur la productivite de gommeraies plantees ou 
naturelles et la dynamique de facteurs lies au fonctionnement biologique des sols sous-jacents; INERA, 
Burkina Faso, ISRA, Senegal, FOFIFA, Madagascar, project ANR/MICROBES project on microbial 
observatories for the management of soil ecosystem services in the tropic; KEFRI, Kenya, Forest Dept of 
CIRAD, France and Grassland Research Station, Zimbabwe, project INCO DEV SAFSYS on Symbionts 
in agroforestry systems: what are the long-term impacts of inoculation of Calliandra calothyrsus and its 
intercrops; Antananarivo University, Madagascar and University of Makerere, Uganda project INCO 
DEV FOREAIM on Bridging restoration and multi-functionality in degraded forest landscape of Eastern 
Africa and Indian Ocean islands; University of Niamey, Niger and University Cheikh Anta Diop, 
Senegal, project CORAF/Gomme Arabique on Impact de l’inoculation par les rhizobiums sur la 
productivite de gommeraies plantees ou naturelles et la dynamique de facteurs lies au fonctionnement 
biologique des sols sous-jacents; Institut National de Recherches Agronomiques du Niger (INRAN); 
Niamey/Niger; Institut d’Economie Rurale (IER), Mali; ARS, Chilanga Zambia (Moses Mwale); EARO 
(Ethiopian Agricultural Research organization), Ethiopia; Ahmadu Bello University, Nigeria; ARI 
Mlingano, Tanzania; Egerton University, Kenya; University of Nairobi, Nairobi, Kenya (Rosemary 
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Atieno); Makerere University, Kampala, Uganda (Elizabeth K. Balirwa, Jonny Mugisha, John Baptiste, 
Mary Silver); Lake Basin Development Authority (Kenya) (Amos Ameya); Selian Agricultural Research 
Institute (Tanzania) (Sossi Kweka and Festo Ngulu); Southern Regions Research Institute, Ethiopia. 
IIAM, Mozambique project on Linking Farmers to Markets. 
Advanced Research Institutes:  J Six, University of California Davis, USA, NSF project on soil 
aggregation;  R Merckx, Catholic University of Leuven, Belgium, VLIR project on food security in 
Central Kenya; E Tollens, Catholic University of Leuven, Belgium, DGDC project on legume integration 
in systems in Central Africa; R Swennen, Catholic University of Leuven, Belgium, DGDC project on 
banana management in Central Africa; S Recous, INRA, France, VLIR project on food security in Central 
Kenya; K Giller, WUR, Netherlands, EU project on AfricaNUANCES; L Brussaard, L Stroosnijder, 
WUR, Netherlands, WOTRO project on soil fauna and soil aggregation; Institut de Recherche pour le 
Developpement, France, project CORAF/Gomme Arabique on Impact de l’inoculation par les rhizobiums 
sur la productivite de gommeraies plantees ou naturelles et la dynamique de facteurs lies au 
fonctionnement biologique des sols sous-jacents; Institut de Recherche pour le Developpement, France, 
Centre of Ecology and Hydrology, UK’ University of Norway, project INCO DEV FOREAIM on 
Bridging restoration and multi-functionality in degraded forest landscape of Eastern Africa and Indian 
Ocean islands; GSF-Munich, Germany and Institut de Recherche pour le Developpement, France project 
ANR/MICROBES project on microbial observatories for the management of soil ecosystem services in 
the tropic; Centre of Ecology and Hydrology and, Scottish Agricultural College UK, project INCO DEV 
SAFSYS on Symbionts in agroforestry systems: what are the long-term impacts of inoculation of 
Calliandra calothyrsus and its intercrops; BIOFORSK Soil, Water and Environment, Norway; JIRCAS 
(Japan International Research Center for Agricultural Sciences), Japan; Wye College, University of 
London (Colin Poulton); Kyoto University, Kyoto, Japan (Atsuyuki Asami); Ishikawa Prefectural 
University, Japan (Hiroshi Tsujii); University of Kiel, Kiel, Germany (Roll A.E. Mueller); Universite 
Catholique de Louvain (Eric F. Tollens); Swedish Univ. Agric. Sci (SLU), Uppsala, Sweden (Olof 
Andrén), University of Natural Resources and Applied Life Sciences (BOKU), Vienna Project on Linking 
Farmaers to Markets. 
International Agricultural Research Centres:  IITA, Uganda, RF project on ISFM for bananas; DGDC 
project on banana management in Central Africa; IITA, Nigeria (Alene Arega, David Chikoye, Robert 
Abaidoo); ICIPE and CIMMYT Kenya, DfID project on striga management in the Lake Victoria Basin; 
CIMMYT, Kenya, AATF project on striga management in Western Kenya; IFDC, Togo, WOTRO project 
on soil fauna and soil aggregation; INIBAP, Uganda, DGDC project on banana management in Central 
Africa; ICRAF, Kenya, RF project on soil fertility gradients and site-specific soil fertility management; 
ICRISAT, Niger; Centre d’Etude Régional pour l’Amélioration de l’Adaptation à la Sécheresse 
(CERAAS/ISRA); West African Rice Development Authority (Patrick M. Kormawa); African Highlands 
Initiative, Ethiopia. 
International and Regional Agricultural Research Centers: CIMMYT, Kenya: Hugo de Groote, 
Mirjam Pulleman; CIP, Kenya: Charles Crissman; ICRAF, Kenya: Frank Place, Steve Franzel, Noordin 
Qureish, Bashir Jama, Richard Coe, Keith Shepherd; ICRISAT, Kenya: Ade Freeman; ICRISAT, Mali: 
Tabo; ICRISAT, Niger: Aboudoulaye, Abdoulaye and Mahamane; ICRISAT, Zimbabwe: John Dimes; 
IITA Ibadan, Nigeria- Abdou; IITA Uganda: Piet van Asten, Cliff Gold, Suleiman Okech; ILRI, Kenya: 
Patti Kristjanson, Steve Staal, Philip Thornton, Mario Herrero, Dannie Romney; ICIPE: Zia Khan; 
AATF: Mpoko Bokanga; West African Rice Development Authority – Patrick M. Kormawa; 
International Institute for Tropical Agriculture – Alene Arega, David Chikoye, Robert Abaidoo. 
NGOs: FIPS, Kenya, RF project on soil fertility gradients and site-specific soil fertility management; 
SACRED-Africa, Kenya, RF soybean project; Diobass and Food for the Hungry, D R Congo, DGDC 
project on legume integration in systems in Central Africa; DGDC project on banana management in 
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Central Africa; UR2PI, Congo, ANR/MICROBES project on microbial observatories for the management 
of soil ecosystem services in the tropic; Hunger Project/Burkina Faso; Groupe d’Action pour le 
Développement Communautaire (GADEC) ; Tambacounda/Senegal; Union des Groupements Paysans de 
Mekhe (UGPM/Senegal); Projet Intrants/Niger; Groupement Nabonswendé de Tougouri/Burkina; Entente 
des Groupements Associés de Toubacouta (EGAT)/Senegal;Caritas-Kaolack/Senegal; AfriAfya (Caroline 
Nyamai-Kisia); CRS (Tom Remington); Farmers’ Own Trading Company (Tony Margetts) Africa2000 
Network, UEEF, Africare (Uganda). 
The Private Sector: TSBF-Africa is also working with a wide array of prive sector and farmers 
associations. Some of those involved in Kenya as an example include: Western Seed Company (Kenya)– 
Saleem Esmail; BIDCO OIL REFINERIES LIMITED (Kenya) – Dileswar Pradhan, Ashish Mandlik; 
Mukwano Group of Companies (Uganda) – Ibnul Hassan Rizvi; NUTRO MANUFACTURING EPZ 
LIMITED – Simon Glover; Ebubala Self-Help Group (Shianda Location of Butere Division, Kenya); 
Tushiauriane Self Help Group (Eluche Sub-location, Kenya); Nabongo Panga Self-Help Group (Matawa 
Sub-Location, Nabongo Location, Kenya); Jitolee Women Group (Lukohe sublocation, North Marama 
location, Butere Division, Kenya); Etako Women Group (Lukohe sublocation, North Marama location, 
Butere Division, Kenya); Bushe Women Group (Butere Division, Kenya); Shishebu farmers’ Group 
(Shianda location, Butere Division, Kenya); Mabole farmers’ field school (Shianda location, Butere 
Division, Kenya); Masaa Men and Women Group; Eluche Mwangaza Community Dev’t Organization 
(Eluche Sublocation, Mumias Division, Kenya); Uriri farmers’ cooperative society (Migori District, 
Kenya); Suna farmers’ cooperative society (Migori District, Kenya) AMFRI farms (Uganda), Olivine 
Indutries, Harare, Reapers (Pvt) Ltd, Harare. 
TSBF Institute-Latin America 
ARIs: CIP, CIAT, IWMI, DIIS (Denmark), GTZ (Germany). 
NARS: CORPOICA – La Libertad, Colombia: A. Rincón, R. Valencia, J.J. Rivera, C.J. Escobar; 
CORPOICA – Macagual, Colombia: C. Escobar; EMBRAPA – Soils, Brasil: H.Coutinho, C. Manzatto, 
A. de Andrade, A. Ármalo; EMBRAPA – Cerrados, Brasil: J.R. Correia; EMBRAPA – Agrobiologia, 
Brasil: A. Aquino; EMBRAPA – Cassava and Fruit Crops: A. Vilar Trindade; PROMIC (Bolivia); 
CEDEPAS (Peru); Dario Maya Botero Foundation (Colombia); CAR (Colombia); Regional Government, 
Moyobamba (Peru); The aqueduct company of Moyobamba EPSA (Peru); PROMACH (Ecuador); 
ECOPAR (Ecuador); Ing. Hernán Campos, Ing. Ruddy Meneses Arce, CIF “La Violeta”, Cochabamba, 
Bolivia
NGOs:
CENIPALMA, P.L. Gómez, F. Munevar. 
Specialized Institutions: ETH, Zurich, Switzerland: Prof. E. Frossard, A. Oberson; Agricultural 
University of Norway, Norway:  Prof. B.R. Singh; University of Gottingen, Germany:  Prof. N. Claassen; 
University of Montana, USA: M.Rillig; Cornell University, USA: J.Thies, M.Devare, J.Duxbury, L.Allee, 
J.Losey; University of California-Davis, USA: J. Six; Universidade Federal Rural de Rio de Janeiro, 
Brasil: R. Berbara; University of Western Australia, Australia: A. Conacher; Zhejiang University, China: 
W. Wu; University of Duke, U.S.A: Prof J. Reynolds; University of New Mexico, U.S.A.: Jeff Herrick; 
Colegio de la Frontera Sur, México: Luis García Barrios; North Carololina State University: Prof. Jot 
Smyth; University of Hannover, Germany: Prof. Walter Horst; Yamagata University, Japan: Prof. T. 
Wagatsuma; Hokkaido University, Japan: Dr. M. Osaki and Dr. T. Shinano; JIRCAS, Tsukuba, Japan: 
Dr. G. V. Subbarao, T. Ishikawa and Dr. O. Ito.
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International Agricultural Research Centers: CATIE, Costa Rica: J. Beer; ICRAF: R.Coe, K. 
Shepherd; IFDC, USA: D. Friesen; IWMI, Thailand: A. Noble; IRD, France:  P. Lavelle, J.L. Janeau and 
C. Prat; FAO-Honduras: C.Paul, L.A. Welchez. 
National Universities: Universidad Nacional de Colombia: M.Sánchez de Prager, Juan C. Menjivar, M. 
Prager, E. Madero; Universidad Nacional de Agricultura, Catacamas, Honduras: J. Reyes and W.Reyes;  
Escuela Nacional de Ciencias Forestales-ESNACIFOR, Honduras: P. Dubon, Z. Martínez; Centro 
Universitario Regional del Litoral Atlántico-CURLA, Honduras: Manuel López; Universidad Nacional 
Agraria de Nicaragua: M. Somarriba, I. Rodríguez, G. Bonilla; Universidad de los Andes (Colombia); 
Universidad Javeriana (Colombia); University of Florida (USA).
Private sector: CORPOMORTIÑO (Colombia), AGROALIZAL (Colombia), Ford Foundation 
Others: FINAGRO (Fondo Nacional de Garantías Agropecuarias) 
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ANNEX-4: LIST OF PUBLICATIONS 
TSBF Institute - Africa  
Refereed journal articles 
Journal articles published in 2006  
Bado, B.V., Bationo, A. and Cescas, M.P. 2006. Assessment of cowpea and groundnut contributions to 
soil fertility and succeeding sorghum yields in the Guinean savannah zone of Burkina Faso (West 
Africa). Biology and Fertility of Soils 43: 171-176. 
Barrios, E., Delve, R.J., Bekunda, M., Mowo, J., Agunda, J., Ramisch, J., Trejo, M.T. and Thomas, R.J. 
2006. Indicators of Soil Quality: A South-South development of a methodological guide for linking 
local and technical knowledge. Geoderma 135: 248-259.  
Bationo, A., Waswa, B., Kihara, J. and Kimetu, J. 2006. Advances in integrated soil fertility management 
in sub-Saharan Africa: challenges and opportunities. Nutrient Cycling in Agroecosystems 76(2-3): 
109-136. 
Chianu, J.N., Tsujii, H. and Awange, J. 2006. Environmental impact of agricultural production practices 
in the savannas of northern Nigeria. Journal of Food, Agriculture & Environment-JFAE Vol. 4(2): 
00–00. 
Chianu, J., Vanlauwe, B., Mukalama, J., Adesina, A. and Sanginga, N. 2006. Farmer evaluation of 
improved soybean varieties being screened in five locations in Kenya: Implications for research and 
development. African Journal of Agricultural Research Vol.1(5): 143–150. 
Faye, A., Sarr, A. and Lesueur, D. 2006. Effect of inoculation with rhizobia on the gum-arabic yield of 
10-year-old Acacia Senegal trees. Arid Land Research Management, 20(1): 79-85. 
Kimetu, J.M., Mugendi, D.N., Bationo, A., Palm, C.A., Mutuo, P.K, Kihara, J., Nandwa, S. and Giller, K 
2006. Partial balance of nitrogen in a maize cropping system in humic nitisol of Central Kenya. 
Nutrient Cycling in Agroecosystems 76: 261-270. 
Mafongoya, P.L., Bationo, A., Kihara, J. and Waswa, B.S. 2006. Appropriate technologies to replenish 
soil fertility in southern Africa. Nutrient Cycling in Agroecosystems 76: 137-151. 
Maithya, J.M., Kimenye, L.N., Mugivane, F.I. and Ramisch, J.J. (2006). Profitability of agro-forestry 
based soil fertility management technologies: the case of small holder food production in western 
Kenya.  Nutrient Cycling in Agro-Ecosystems 76(2-3): 355-367. 
Odendo, M., Ojiem, J., Bationo, A. and Mudeheri, M. 2006. On-farm evaluation and scaling-up of soil 
fertility management technologies in western Kenya. Nutrient Cycling in Agroecosystems 76: 369-
381.
Ohiokpehai, O. 2006 Expanding Phane: A nutritionally Rich Local Food in Southern Africa JFAE V4 
(3&4): 26-32,
Okalebo, J.R., Othieno, C.O., Woomer, P.L., Karanja, N.K., Semoka, J.R.M., Bekunda, M. A., Mugendi, 
D.N., Muasya, R.M., Bationo, A. and Mukhwana, E.J. 2006. Available technologies to replenish soil 
fertility in East Africa. Nutrient Cycling in Agroecosystems 76: 153-170. 
Ouattara, B., Ouattara, K., Serpantie, G., Mando, A., Sedoso, M.P. and Bationo, A. 2006. Intensity 
cultivation induced effects on soil organic carbon dynamic in the western cotton area of Burkina 
Faso. Nutrient Cycling in Agroecosystems 76: 331–339. 
Pypers, P., Delrue, J., Diels, J., Smolders, E. and Merckx, R. 2006. Phosphorus intensity determines 
short-term P uptake by pigeon pea (Cajanus cajan L.) grown in soils with differing P buffering 
capacity. Plant & Soil 284: 217-227. 
Pypers, P., Van Loon, L., Diels, J., Abaidoo, R., Smolder, E. and Merckx, R. 2006. Plant-available P for 
maize and cowpea in P-deficient soils from the Nigerian Northern Guinea savanna – comparison of 
E- and L-values. Plant & Soil 283, 251-264. 
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Ramisch, J.J., Misiko, M.T., Ekise, I.E. and Mukalama, J.B. 2006. Strengthening “Folk Ecology”:  
Community-based learning for integrated soil fertility management, western Kenya. International 
Journal of Agricultural Sustainability. 4(2): 154-168. 
Rufino, M.C., Rowe, E.C., Delve, R.J. and Giller, K.E. 2006. Nitrogen cycling efficiencies through 
resource-poor African crop-livestock systems: A review. Agriculture Ecosystems and Environment 
112: 261-2 
Schlecht, E., Buerkert, A., Tielkes, E. and Bationo, A. 2006. A critical analysis of challenges and 
opportunities for soil fertility restoration in Sudano-Sahelian West Africa. Nutrient Cycling in 
Agroecosystems 76(2-3): 109-136 
Tabu, I.M., Obura, R.K., Bationo, A. and Mumera, L. 2006. Effect of soil fertility management and 
nitrogen fertilizer rate on maize yield in smallholder farmers’ fields. Journal of Agronomy 5(2): 191-
195.
Tittonell, P., Leffelaar, P.A., Vanlauwe, B., Van Wijk, M.T. and Giller, K.E. 2006. Exploring diversity of 
crop and soil management within smallholder African farms: a dynamic model for simulation of 
nutrient (N) balances and use efficiencies at field scale. Agricultural Systems 9: 71-101. 
Vanlauwe, B. and Giller, K.E. 2006. Popular myths around soil fertility management in sub-Saharan 
Africa. Agriculture, Ecosystems and Environment 116, 34-46.  
Vanlauwe, B., Tittonell, P. and Mukalama, J. 2006. Within-farm soil fertility gradients affect response of 
maize to fertilizer application in western Kenya. Nutrient Cycling in Agroecosystems 76(2-3): 171-
182.
Journal articles published in 2007  
Zingore, S., Murwira, H.K., Delve, R.J. and Giller, K.E. 2007. Influence of nutrient management 
strategies on variability of soil fertility, crop yields and nutrient balances on smallholder farms in 
Zimbabwe. Agriculture Ecosystems and Environment 119: 112-126. 
Zingore, S., H. K. Murwira, R. J. Delve and K. E. Giller. 2007. Soil type, historical management and 
current resource allocation: three dimensions regulating variability of maize yields and nutrient use 
efficiencies on smallholder farms. Field Crops Research 101: 296 – 305. 
Journal articles in press 
Bationo, A., Kihara, J., Vanlauwe, B., Waswa, B.S. and Kimetu, J. 2007. Soil organic carbon dynamics, 
functions and management in West African agro-ecosystems. Agricultural Systems (in press). 
Chianu, J., Ohiokpehai, O., Vanlauwe, B., Adesina, A. and Sanginga, N. 2007. An approach for 
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Mariani, L., Jiménez, J.J., Asakawa, N., Thomas, R.J. and Decaens, T. 2007. What happens to earthworm 
casts in the soil? A field study of carbon and nitrogen dynamics in Neotropical savannahs. Soil 
Biology & Biochemistry 39: 757-767. 
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Journal articles in press 
Barrios, E. 2007. Soil Biota, Ecosystem Services and Land Productivity. Ecological Economics (in press).  
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Braz. J. Agric. Res. (in review).
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2006. Improving phosphorus fertility through biological interventions. In: N. Uphoff, A. S. Ball, E. 
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Book chapters in press 
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America. In: A. Bationo, B. Waswa, J. Kihara and J. Kimetu (Eds). Advances in integrated soil 
fertility research in sub Saharan Africa: challenges and opportunities. Springer, the Netherlands (in 
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Philadelphia, Pennsylvania, USA.  
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para resistencia a sequía en lineas recombinante (RILs) de la cruza MD 23-24 X  SEA 5. Paper 
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Mejoramiento de Cultivos y Animales), Montelimar, Nicaragua. 24-28 April, 2006. 
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resistencia a sequía en condiciones de bajo fósforo en Darién, Colombia. Paper presented at the LII 
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Cultivos y Animales), Montelimar, Nicaragua. 24-28 April, 2006 
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Ferreira, O., Rondón, M., Hurtado, M.P. and Rao, I. 2006. Flujos de gases de efecto invernadero en el 
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Galvis, J.H., Amézquita, E., Madero, E., Campo, J.M. and Rodríguez, M. 2006. Evaluación del efecto de 
la intensidad de labranza en la formación del sellamiento superficial de un Oxisol de sabana en los 
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 Hurtado, M.P., Rondón, M., Ramírez, J.A. and Lehmann, J. 2006. Efecto de diferentes dosis de carbón 
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Ciencia del  Suelo’, Bogotá, Colombia, October 2006. 
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Quintero, M., Moreno, A. and Estrada, R.D. 2006. Environmental Externalities to Change Rural 
Development Dynamics. Oral presentation presented at the workshop "Payment for environmental 
services (PES) approaches to contribute to equitable and sustainable management of soil and water 
in upper catchments". WFCP-TSBF. Nairobi . June 27-29, 2006. 
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Rao, I.M.  2006.  Best bet root traits of common bean for impact in a breeding program.  Presentation in 
the Bean Breeding Strategy Workshop.  CIAT, Cali, CO, 22-25 August 2006.  
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contenido de piedra y frecuencia de riego, en la producción de biomasa de maíz (Zea mays), en 
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